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4-Blt, Single-Chip CMOS Microcomputers 


Device, 
|iPD 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM 
(X8) 


RAM 
(X4) 


I/O 


# Package 


Pins 


7502 


LCD controller/driver 


0.41 


2.5 to 6.0 


2K 


128 


23 


QFP 


64 


7503 


LCD controller/driver 


0.41 


2.5 to 6.0 


4K 


224 


23 


QFP 


64 


7507 


General-purpose 


0.41 


2.5 to 6.0 


2K 


128 


32 


DIP 

SDIP 

QFP 


40 
40 
52 


7507H 


General-purpose 


4.19 


2.7 to 6.0 


2K 


128 


32 


DIP 

SDIP 

QFP 


40 
40 
52 


7508 


General-purpose 


0.41 


2.5 to 6.0 


4K 


224 


32 


DIP 

SDIP 

QFP 


40 
40 
52 


7508H 


General-purpose 


4.19 


2.7 to 6.0 


4K 


224 


32 


DIP 

SDIP 

QFP 


40 
40 
52 


75CG08 


Piggyback EPROM 


0.41 


4.5 to 5.5 


2Kor4K 


224 


32 


Ceramic DIP 


40 


75CG08H 


Piggyback EPROM 


4.19 


4.5 to 5.5 


2Kor4K 


224 


32 


Ceramic DIP 


40 


7527A 


FIP controller/driver 


0.61 


2.7 to 6.0 


2K 


128 


35 


DIP 
SDIP 


42 
42 


7528A 


FIP controller/driver 


0.61 


2.7 to 6.0 


4K 


160 


35 


DIP 
SDIP 


42 
42 


75CG28 


Piggyback EPROM; 
FIP controller/driver 


0.5 


4.5 to 5.5 


4K 


160 


35 


Ceramic DIP 


42 


7533 


A/D converter 


0.5 


2.7 to 6.0 


4K 


160 


30 


DIP 

SDIP 

QFP 


42 
42 
44 


75CG33 


Piggyback EPROM; 
A/D converter 


0.5 


4.5 to 5.5 


4K 


160 


30 


Ceramic DIP 


42 


7537A 


FIP controller/driver 


0.61 


2.7 to 6.0 


2K 


128 


35 


DIP 
SDIP 


42 
42 


7538A 


FIP controller/driver 


0.61 


2.7 to 6.0 


4K 


160 


35 


DIP 
SDIP 


42 
42 


75CG38 


Piggyback EPROM; 
FIP controller/driver 


0.61 


4.5 to 5.5 


4K 


160 


35 


Ceramic DIP 


42 


7554 


Serial I/O; external clock 
or RC oscillator 


0.71 


2.5 to 6.0 


IK 


64 


16 


SDIP 
SOP 


20 
20 


7554A 


Serial I/O; external clock 
or RC oscillator 


0.71 


2.0 to 6.0 


IK 


64 


16 


SDIP 
SOP 


20 
20 


75P54 


Serial I/O; external clock 
or RC oscillator 


0.71 


4.5 to 6.0 


IK 
OTPROM 


64 


16 


SDIP 
SOP 


20 
20 


7564/7564A 


Serial I/O; ceramic oscillator 


0.71 


2.7 to 6.0 


IK 


64 


15 


SDIP 
SOP 


20 
20 


75P64 


Serial I/O; ceramic oscillator 


0.71 


4.5 to 6,0 


IK 
OTPROM 


64 


15 


SDIP 
SOP 


20 
20 


7556 


Comparator; external 
clock or RC oscillator 


0.71 


2.5 to 6.0 


IK 


64 


20 


SDIP 
SOP 


24 
24 


7556A 


Comparator; external 
clock or RC oscillator 


0.71 


2.0 to 6.0 


IK 


64 


20 


SDIP 
SOP 


24 
24 


75P56 


Comparator; external 
clock or RC oscillator 


0.71 


4.5 to 6.0 


IK 
OTPROM 


64 


20 


SDIP 
SOP 


24 
24 


7566/7566A 


Comparator; ceramic oscillator 


0.71 


2.7 to 6.0 


IK 


64 


19 


SDIP 
SOP 


24 
24 


75P66 


Comparator; ceramic oscillator 


0.71 


4.5 to 6.0 


1K 
OTPROM 


64 


19 


SDIP 
SOP 


24 
24 


75004 


General-purpose 


4.19 


2.7 to 6.0 


4K 


512 


34 


SDIP 
QFP 


42 
44 



# Plastic unless ceramic (or cerdip) is specified. 

* Under development; consult Microcontroller Marketing for availability. 
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4-Blt, Single-Chip CMOS Microcomputers (cont) 


Device, 
UPD 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM 
(X8) 


RAM 
(X4) 


I/O 


# Package 


Pins 


75006 


General-purpose 


4.19 


2.7 to 6.0 


6K 


512 


34 


SDIP 
QFP 


42 
44 


75008 


General-purpose 


4.19 


2.7 to 6.0 


8K 


512 


34 


SDIP 
QFP 


42 
44 


75P008 


General-purpose 


4.19 


4.5 to 5.5 


8K 
OTPROM 


512 


34 


SDIP 
QFP 


42 
44 


75028 * 


A/D converter 


4.19 


2.7 to 6.0 


8K 


512 


48 


SDIP 
QFP 


64 
64 


75P036 * 


A/D converter 


4.19 


2.7 to 6.0 


16K 


1024 


48 


SDIP 
QFP 


64 
64 


75048 * 


A/D converter; IKx 4 EEPROM 


4.19 


2.7 to 6.0 


8K 


512 


48 


SDIP 
QFP 


64 
64 


75P056 * 


A/D converter; IK X 4 EEPROM 


4.19 


2.7 to 6.0 


16K 


512 


48 


SDIP 
QFP 


64 
64 


75104 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


4K 


320 


58 


SDIP 
QFP 


64 
64 


75104A 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


4K 


320 


58 


QFP 


64 


75106 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


6K 


320 


58 


SDIP 
QFP 


64 
64 


75108 


High-enti with 8-bit instruction 


4.19 


2.7 to 6.0 


8K 


512 


58 


SDIP 
QFP 


64 
64 


75108A 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


8K 


512 


58 


QFP 
QFP 


64 
64 


75P108 


High-end with 8-bit instruction; 
on-chip OTPROM or UVEPROM 


4.19 


4.5 to 5.5 


8K 


512 


58 


SDIP 
QFP 
Shrink cerdip 


64 
64 
64 


75P108B 


High-end with 8-bit Instruction; 
on-chip OTPROM 


4.19 


2.7 to 6.0 


8K 


512 


58 


SDIP 
QFP 


64 
64 


75112 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


12K 


512 


58 


SDIP 
QFP 


64 
64 


75116 


High-end with 8-bit instruction 


4.19 


2.7 to 6.0 


16K 


512 


58 


SDIP 
QFP 


64 
64 


75P116 


High-end with 8-bit instruction 
on-chip OTPROM 


4.19 


4.5 to 5.5 


16K 
OTPROM 


512 


58 


SDIP 
QFP 


64 
64 


75206 


FIP controller/driver 


4.19 


2.7 to 6.0 


6K 


369 


33 


SDIP 
QFP 


64 
64 


75208 


FIP controller/driver 


4.19 


2.7 to 6.0 


8K 


497 


33 


SDIP 
QFP 


64 
64 


75CG208 


FIP controller/driver; 
piggyback EPROM 


4.19 


4.5 to 5.5 


8K 


512 


33 


Ceramic SDIP 
Ceramic QFP 


64 
64 


7521 2A 


FIP controller/driver 


4.19 


2.7 to 6.0 


12K 


512 


33 


SDIP 
QFP 


64 
64 


75216A 


FIP controller/driver 


4.19 


2.7 to 6.0 


16K 


512 


33 


SDIP 
QFP 


64 
64 


75CG216A 


FIP controller/driver; 
piggyback EPROM 


4.19 


4.5 to 5.5 


16K 


512 


33 


Ceramic SDIP 
Ceramic QFP 


64 
64 


75P216A 


FIP controller/driver 


4.19 


4.5 to 5.5 


16K 
OTPROM 


512 


33 


SDIP 


64 


75268 


FIP controller/driver 


4.19 


2.7 to 6.0 


8K 


512 


32 


SDIP 
QFP 


64 
64 


75304 


LCD controller/driver 


4.19 


2.7 to 6.0 


4K 


512 


40 


QFP 


80 


75306 


LCD controller/driver 


4.19 


2.7 to 6.0 


6K 


512 


40 


QFP 


80 


75308 


LCD controller/driver 


4.19 


2.7 to 6.0 


8K 


512 


40 


QFP 


80 


75P308 


LCD controller/driver; 
on-chip OTPROM or UVEPROM 


4.19 


4.75 to 5.25 


8K 


512 


40 


QFP 
Ceramic LCC 


80 
80 
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NEC 



Single-Chip 



4-Blt, SIngle-ChIp CMOS Microcomputers (cont) 


Device, 
UPD 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM 
(X8) 


RAM 
(X4) 


I/O 


# Package 


Pins 


75312 


LCD controller/driver 


4.19 


2.7 to 6.0 


12K 


512 


40 


QFP 


80 


75316 


LCD controller/driver 


4.19 


2.7 to 6.0 


16K 


512 


40 


QFP 


80 


75P316 


LCD controller/driver; 
on-chip OTPROM 


4.19 


4.75 to 5.25 


16K 
OTPROM 


512 


40 


QFP 


80 


75P316A* 


LCD controiler/driver; 
on-chip OTPROM or UVEPROIVI 


4.19 


2.7 to 6.0 


16K 
OTPROM 


512 


40 


QFP 
Ceramic LCC 


80 
80 


75328 


LCD controller/driver; 
A/D converter 


4.19 


2.7 to 6.0 


8K 


512 


44 


QFP 


80 


75P328 


LCD controller/driver; 
A/D converter 


4.19 


4.5 to 5.5 


8K 
OTPROM 


512 


44 


QFP 


80 


75402A 


Low-end 


4.19 


2.7 to 6.0 


2K 


64 


22 


DIP 

SDIP 

QFP 


28 
28 
44 


75P402 


Low-end 


4.19 


4.5 to 5.5 


2K 
OTPROM 


64 


22 


DIP 

SDIP 

QFP 


28 
28 
44 


75512 


Higli-end; A/D converter 


4.19 


2.7 to 6.0 


12K 


512 


64 


QFP 


80 


75516 


High-end; A/D converter 


4.19 


2.7 to 6.0 


16K 


512 


64 


QFP 


80 


75P516 


High-end; A/D converter 


4.19 


4.75 to 5.5 


16K 
OTPROM 


512 


64 


QFP 
CerannicLCC 


80 
80 


8-Bit, Single-Chip CMOS Microcomputers 


Device, 
^PD 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM 
(X8) 


RAM 
(X8) 


I/O 


# Package 


Pins 


78C10/78C10A 


CIViOS; A/D converter 


15 


4.5 to 5.5 


External 


256 


32 


QUIP 
SDIP 
QFP 
PLCC 


64 
64 
64 
68 


78C11/78C11A 


CMOS; A/D converter 


15 


4.5 to 5.5 


4K 


256 


44 


QUIP 
SDIP 
QFP 
PLCC 


64 
64 
64 
68 


78C12A 


CMOS; A/D converter 


15 


4.5 to 5.5 


8K 


256 


44 


QUIP 
SDIP 
QFP 
PLCC 


64 
64 
64 
68 


78C14/78C14A 


CMOS; A/D converter 


15 


4.5 to 5.5 


16K 


256 


44 


QUIP 
SDIP 
QFP 
PLCC 


64 
64 
64 
68 


78CP14 


CMOS; A/D converter 


15 


4.75 to 5.25 


16K 
OTPROM 


256 


44 


QUIP 
SDIP 
QFP 
PLCC 


64 
64 
64 
68 




16K 
UVEPROM 


256 


44 


Ceramic QUIP 
Shrink cerdip 


64 
64 


78CG14 


CMOS; A/D converter; 
piggybacl<EPROM 


15 


4.5 to 5.5 


4K,8Kor 
16K 


256 


44 


Ceramic QUIP 


64 


78213 


CMOS; A/D converter; 
advanced peripherals 


12 


4.5 to 5.5 


External 


512 


54 


SDIP 
QUIP 
QFP 
PLCC 


64 
64 
74 
68 


78214 


CMOS; A/D converter; 
advanced peripherals 


12 


4.5 to 5.5 


16K 


512 


54 


SDIP 
QUIP 
QFP 
PLCC 


64 
64 
74 
68 
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Siiigle-Chip 



8-Blt, Single-Chip NMOS/CMOS Microcomputers (cont) 



Device, 



Fe|iture# 



Cloclc 
(MHz) 



Supply ROM 

Voltage (V)(X8) 



RAM 
(X8) 



I/O 



# Package 



Pins 



78P214 



CMOS; A/D converter; 
advanced peripherals 



12 



4.5 to 5.5 



16K 
OTPROM 



512 



54 



SDIP 
QUIP 
QFP 
PLCC 



78P238 



CMOS; real-time outputs; 
A/D and D/A converters 



12 



4.5 to 5.5 



32K 
OTPROM 



640 



64 



QFP 
QFP 
PLCC 



32K 640 

UVEPROM 



64 



Ceramic LCC 



78P312A 



Real-time motor control 



12 



71 P301 Port and memory extender 

used with 7832X microcomputer 
family; UVEPROM or OTPROM 



4.5 to 5.5 



16K IK 

OTPROM 



16 



PLCC 

QFP 

QUIP 



16K 1K 

UVEPROM 



16 



Ceramic LCC 
Ceramic LCC 
Ceramic QUIP 



64 
64 
74 











16K 
UVEPROM 


512 


54 


Shrink cerdip 


64 


78220 


CMOS; analog comparator; 
large I/O 


12 


4.5 to 5.5 


External 


640 


71 


PLCC 
QFP 


84 
94 


78224 


CMOS; analog comparator; 
large I/O 


12 


4.5 to 5.5 


16K 


640 


71 


PLCC 
QFP 


84 
94 


78P224 


CMOS; analog comparator; 
large I/O 


12 


4.5 to 5.5 


16K 
OTPROM 


640 


71 


PLCC 
QFP 


84 
94 


78233 


CMOS; real-time outputs; 
A/D and D/A converters 


12 


4.5 to 5.5 


External 


640 


64 


QFP 
QFP 
PLCC 


80 
94 
84 


78234 


CMOS; real-time outputs; 
A/D and D/A converters 


12 


4.5 to 5.5 


16K 


640 


64 


QFP 
QFP 
PLCC 


80 
94 
84 



80 
94 
84 



94 



8/1 6-Blt, Single-Chip CMOS Microcomputers 


Device, 

^PD Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM 
(X8) 


RAM 
(X8) 


I/O 


# Package 


Pins 


78310A Real-time motor control 


12 


4.5 to 5,5 . 


External 


256 


48 


SDIP 
QUIP 
QFP 
PLCC 


64 
64 
64 
68 


7831 2A Real-time motor control 


12 


4.5 to 5.5 


8K 


256 


48 


SDIP 
QUIP 
QFP 
PLCC 


64 
64 
64 
68 



4.5 to 5.5 


8K 


256 


48 


Shrink cerdip 


64 




UVEPROM 






Ceramic QUIP 


64 




8K 


256 


48 


SDIP 


64 




OTPROM 






QUIP 
OFP 
PLCC 


64 
64 
68 



78320 


High-end; advanced analog 
and digital peripherals 


16 


4.5 to 5.5 


External 


640 


55 


QFP 
PLCC 


64 
68 


78322 


High-end; advanced analog 
and digital peripherals 


16 


4.5 to 5.5 


16K 


640 


55 


QFP 
PLCC 


64 
68 


78P322 


High-end; advanced analog 
and digital peripherals 


16 


4.5 to 5^5 


16K 
OTPROM 


640 


55 


PLCC 
QFP 


69 
74 




16K 
UVEPROM 


640 


55 


Ceramic LCC 
Ceramic LCC 


68 
74 



44 
64 
64 



44 
64 
64 
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Development Tools 



|xPD75XX Series Development Tools Selection Guide 








Part Number 
(Notel) 


Emulator* 


Add-on 
Board* 


System 

Evaluation 

Board 


EPROM/OTP 
Device 


PG-1500 
Adapter 
(Note 2) 


Absolute 
Assembler 
(Note 3) 


HPD7502G-12 


EVAKIT-7500B 


EV7514 


SE-7514A 


— •■ 


— 


ASM75 


|iPD7503G-12 


EVAKIT-7500B 


EV7514 


SE-7514A 


— 


— 


ASM75 


^PD7507C 


EVAKIT-7500B 


— 


— 


HPD78CG08E 


— 


ASM75 


^PD7507CU 


EVAKIT-7500B 


— 


— 


— 


_ 


ASM75 


MPD7507G-00 


EVAKIT-7500B 


— 


— 


— 


— 


ASM75 


MPD7507HC 


EVAKIT-7500B 


EV7508H 


— 


MPD75CG08HE 


— 


ASM75 


HPD7507HCU 


EVAKIT-7500B 


EV7508H 


— 


— 


— 


ASM75 


|iPD7507HG-22 


EVAKIT-7500B 


EV7508H 


— 


— 


— 


ASM75 


|jPD7508C 


EVAKIT-7500B 


— 


— 


HPD78CG08E 


_ ■ 


ASM75 


^PD7508CU 


EVAKIT-7500B 


— 


— 


-^ 


— 


ASM75 


|iPD7508G-00 


EVAKIT-7500B 


— 


— 


— ' 


— 


ASM75 


|iPD75CG08E 


EVAKIT-7500B 


— 


— 


— 


— 


ASM75 


JJPD7508HC 


EVAKIT-7500B 


EV7508H 


— 


HPD78CG08HE 


— 


ASM75 


MPD7508HCU 


EVAKIT-7500B 


E\/7508H 


— 


— 


— 


ASM75 


^PD7508HG-22 


EVAKIT-7500B 


EV7508H 


— 


— ■ 


— 


ASM75 


HPD75CG08HE 


EVAKIT-7500B 


EV7508H 


— 


_ 


— . 


ASM75 


|nPD7527AC 


EVAKIT-7500B 


EV7528 


— 


HPD78CG28E 


— ■ 


ASM75 


HPD7527ACU 


EVAKIT-7500B 


EV7528 


— 


- ■ — 


, — 


ASM75 


^iPD7528AC 


EVAKIT-7500B 


EV7528 


— 


HPD78GG28E 


— 


ASM75 


^PD7528ACU 


EVAKIT-7500B 


EV7528 


— 


— 


— . 


ASM75 


HPD75CG28E 


EVAKIT-7500B 


EV7528 


— 


— 


— 


ASM75 


^PD7533C 


EVAKIT-7500B 


EV7533 


— 


HPD75CG33E 


— 


ASM75 


HPD7533CU 


EVAKIT-7500B 


EV7533 


— 


— 


— 


ASM75 


HPD7533G-22 


EVAKIT-7500B 


EV7533 


— 


— 


— 


ASM75 


HPD75CG33E 


EVAKIT-7500B 


EV7533 


— 


— 


— 


ASM75 


ILIPD7537AC 


EVAKIT-7500B 


E\/7528 


— 


|iPD75CG38E 


— 


ASM75 


|aPD7537ACU 


EVAKIT-7500B 


EV7528 


— 


— 


— 


ASM75 


MPD7538AC 


EVAKIT-7500B 


EV7528 


— 


^PD75CG38E 


— 


ASM75 


^iPD7538ACU 


EVAKIT-7500B 


EV7528 


— 


— 


— 


ASM75 


^PD75CG38E 


EVAKIT-7500B 


EV7528 


— 


— 


— 


ASM75 


HPD7554CS 


EVAKIT-7500B 


EV7554A 


SE-7554A 


HPD75P54CS 


PA-75P54CS 


ASM75 


|aPD7554G 


EVAKIT-7500B 


EV7554A 


SE-7554A 


MPD75P54G 


PA-75P54CS 


ASM75 


|aPD7554ACS 


EVAKIT-7500B 


E\/7554A 


SE-7554A 


|aPD75P54CS 


PA-75P54CS 


ASM75 


^iPD7554AG 


EVAKIT-7500B 


EV7554A 


SE-7554A 


HPD75P54G 


PA-75P54CS 


ASM75 


|iPD75P54CS 


EVAKIT-7500B 


E\/7554A 


— 


— 


— 


ASM75 


MPD75P54G 


EVAKIT-7500B 


EV7554A 


— 


— 


— 


ASM75 


|iPD7556CS 


EVAKIT-7500B 


E\/7554A 


SE-7554A 


I^D75P56CS 


PA-75P56CS 


ASM75 


1LIPD7556G 


EVAKIT-7500B 


EV7554A 


SE-7554A 


MPD75P56G 


PA-75P56CS 


ASM75 


|aPD7556ACS 


EVAKIT-7500B 


EV7554A 


SE-7554A 


|aPD75P56CS 


PA-75P56CS 


ASM75 


MPD7556AG 


EVAKIT-7500B 


EV7554A 


SE-7554A 


HPD75P56G 


PA-75P56CS 


ASM75 


HPD75P56CS 


EVAKIT-7500B 


E\/7554A 


— 


— 


— 


ASM75 


HPD75P56G 


EVAKIT-7500B 


EV7554A 


— 


— 


— 


ASM75 


HPD7564CS 


EVAKIT-7500B 


EV7554A 


SE-7554A 


HPD75P64CS 


PA-75P54CS 


ASM75 


|jPD7564G 


EVAKIT-7500B 


EV7554A 


SE-7554A 


HPD75P64G 


PA-75P54CS 


ASM75 


^PD7564ACS 


EVAKIT-7500B 


EV7554A 


SE-7554A 


)jPD75P64GS 


PA-75P54CS 


ASM75 


^PD7564AG 


EVAKIT-7500B 


E\/7554A 


SE-7554A 


^PD75P64G 


PA-75P54CS 


ASM75 


|jPD75P64CS 


EVAKIT-7500B 


EV7554A 


_ 


— 


— 


ASM75 


^PD75P64G 


EVAKIT-7500B 


EV7554A 


— 


— 


— 


ASM75 


^PD7566CS 


EVAKIT-7500B 


EV7554A 


SE-7554A 


^PD75P66CS 


PA-75P56CS 


ASM75 


^PD7566G 


EVAKIT-7500B 


E\/7554A 


SE-7554A 


^PD75P66G 


PA-75P56CS 


ASM75 
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HPD75XX Series 



NEC 



|xPD75XX Series Development Tools Selection Guide (cont) 


Part Number 

(Notel) Emulator* 


Add-on 
Board* 


System 

Evaluation 

Board 


EPRGIWI/GTP 
Device 


PG-1500 
Adapter 
(Note 2) 


Absolute 

Assembler 

(Notes) 


HPD7566ACS EVAKIT-7500B 


EV7554A 


SE-7554A 


HPD75P66CS 


PA-75P56CS 


ASM75 


HPD7566AG EVAKIT-7500B 


EV7554A 


SE-7554A 


HPD75P66G 


PA-75P56CS 


ASM75 


|aPD75P66CS EVAKIT-7500B 


EV7554A 


— 


— 


— 


ASM75 


HPD75P66G EVAKIT-7500B 


EV7554A 


- 


- 


- 


ASM75 



* Required Tools 

Notes: 

(1) Packages: 

Package Description 



CS 



cu 



G-00 
G-12 
G-22 



40-pin plastic DIP (fiPD7507/07H/08/08H) 
42-pin plastic DIP (^PD7527A/28A/33/37A/38A) 
20-pin plastic shrink DIP (nPD7554/54A/P54/64/64A/P64) 
24-pln plastic shrink DIP (fiPD7556/56A/P56/66/66A/P66) 
40-pin plastic shrink DIP (nPD7507/07H/08/08H) 
42-pin plastic shrink DIP (^PD7527A/28A/33/37A/38A) 
40-pin ceramic piggy-back DIP (^PD75CG08/08H) 
42-pin ceramic piggy-back DIP (nPD75CG28/33/38) 
20-pin plastic SO (^PD7554/54A/P54/64/64A/P64) 
24-pin plastic SO (nPD7556/56A/P56/66/66A/P66) 
52-pin plastic QFP 
64-pin plastic QFP (nPD7502/03) 
44-pin plastic QFP 



(2) By using the specified adapter, the PG-1500 EPROM programmer 
can be used to program the OTP device. 

(3) The ASM75 Absolute Assembler is provided to run under the MS-DOS» 
operating system. (ASM75-D52). 



MS-DOS is a registered trademark of Microsoft Corporation. 
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Development Tools 



^iPD75XXX Series Development Tools Selection Guide 


Part Number 
(Note 5) 


Emulator* 


Emulation 
Probe* 


Optional Socket 
Adapter (Note 1) 


EPROM/OTP 
Device (Note 2) 


Relocatable 

Assembler 

(Notes) 


Structured 
Assembler 
(Note 4) 


HPD75004CU 


IE-75000-R 


EP-75008CU-R 


— 


HPD75P008CU 


RA75X 


ST75X 


pPD75006GB-3B4 


IE-75000-R 


EP-75008GB-R 


EV-9200G-44 


MPD75P008GB 


RA75X 


ST75X 


^PD75006CU 


IE-75000-R 


EP-75008CU-R 


— 


^iPD75P008CU 


RA75X 


ST75X 


^PD75006GB-3B4 


IE-75000-R 


EP-75008GB-R 


EV-9200G-44 


MPD75P008GB 


RA75X 


ST75X 


^PD75008CU 


IE.75000-R 


EP-75008CU-R 


— 


HPD75P008CU 


RA75X 


ST75X 


HPD75008GB-3B4 


IE-75000-R 


EP-75008GB-R 


EV-9200G-44 


HPD75P008GB 


RA75X 


ST75X 


HPD75P008CU 


IE-75000-R 


EP-75008CU-R 


— 


— 


RA75X 


ST75X 


jiPD75P008GB-3B4 


IE-75000-R 


EP-75008GB-R 


EV-9200G-44 


— 


RA75X 


ST75X 


I^D75028CW 


IE-75000-R 


EP-75028CW-R 


— 


^PD75P036CW 


RA75X 


ST75X 


MPD75028GC-AB8 


IE-75000-R 


EP-75028GC-R 


EV-9200GC-64 


^PD75P036GC 


RA75X 


ST75X 


|aPD75P036CW 


IE-75000-R 


EP-75028CW-R 


— 


— 


RA75X 


ST75X 


^PD75P036GC-AB8 


IE-75000-R 


EP-75028GC-R 


EV-9200GC-64 


— 


RA75X 


ST75X 


|iPD75048CW 


IE-75000-R 


EP-75028CW-R 


— 


MPD75P056CW 


RA75X 


ST75X 


|xPD75048GC-AB8 


IE-75000-R 


EP-75028GC-R 


EV-9200GC-64 


MPD75P056GC 


RA75X 


ST75X 


MPD75P056CW 


IE-75000-R 


EP-75028CW-R 


— 


— 


RA75X 


ST75X 


^PD75P056GC-AB8 


IE-75000-R 


EP-75028GC-R 


EV-9200GC-64 


— 


RA75X 


ST75X 


JXPD75104CW 


IE-75000-R 


EP-75108CW-R 


— 


^PD75P108CW/DW 
MPD75P116CW 


RA75X 


ST75X 


^PD75104G-1B 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


HPD75P108G/GF 
|iPD75P116GF 


RA75X 


ST75X 


HPD75104GF-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


^PD75P108G/GF 
HPD75P1166F 


RA75X 


ST75X 


HPD75104AGC-AB8 


IE-75000-R 


EP-75108A6C-R 


EV-9200GC-64 


— 


RA75X 


ST75X 


MPD75106GW 


IE-75000-R 


EP-75108CW-R 


— 


^PD75P108CW/DW 
MPD75P116CW 


RA75X 


ST75X 


MPD75106G-1B 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


^PD75P108G/GF 
HPD75P116GF 


RA75X 


ST75X 


^lPD75106GF-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


|jPD75P108G/GF 
MPD75P116GF 


RA75X 


ST75X 


HPD75108AG-22 


IE-75000-R 


EP-75108AGC-R 


EV-9200GC-64 


— 


RA75X 


ST75X 


|aPD75108AGC-AB8 


IE-75000-R 


EP-75108AGC-R 


EV-9200GC-64 


— 


RA75X 


ST75X 


HPD75108CW 


IE-75000-R 


EP-75108CW-R 


— 


^PD75P108CW/DW 
HPD75P116CW 


RA75X 


ST75X 


HPD75108G-1B 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


HPD75P108G/GF 
MPD75P116GF 


RA75X 


ST75X 


HPD75108GF-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


HPD75P108G/GF 
HPD75P116GF 


RA75X 


ST75X 


HPD75P108BGW 


IE-75000-R 


EP-75108CW-R 


— 


— 


RA75X 


ST75X 


^PD75P108BGF-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


|iPD75P108CW 


IE-75000-R 


EP-75108CW-R 


— 


— : 


RA75X 


ST75X 


^PD75P108DW 


IE-75000-R 


EP-75108CW-R 


— 


— 


RA75X 


ST75X 


^PD75P108G-1B 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


HPD75112CW 


IE-75000-R 


EP-75108CW-R 


— 


|aPD75P116CW 


RA75X 


ST75X 


MPD75112GF-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


MPD75P116GF 


RA75X 


ST75X 


HPD75116CW 


IE-7500a,R 


EP-75108CW-R 


— 


HPD75P116CW 


RA75X 


ST75X 


^iPD75116GF-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


MPD75P116GF 


RA75X 


ST75X 


HPD75P116CW 


IE-75000-R 


EP-75108CW-R 


— 


— 


RA75X 


$T75X 


MPD75P1166F-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


HPD75206CW 


IE-75000-R 


EP-75216ACW-R 


— 


MPD75P216ACW 


RA75X 


ST75X 


IIPD75206G-1B 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


^PD75206BGF-3BE 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


|aPD75208GW 


IE-75000-R 


EP-75216ACW-R 


— 


|J5D75P216ACW 


RA75X 


ST75X 
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Part Number 
(Notes) 


Emulator* 


Emulation 
Probe* 


Optional Socket 
Adapter (Note 1) 


EPROM/OTP 
Device (Note 2) 


Relocatable 
Assembler 
(Note 3) 


Structured 
Assembler 
(Note 4) 


HPD75208G-1B 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


MPD75208GF-3BE 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


HPD75CG208E 


IE-75000-R 


EP-75216ACW-R 


— 


— 


RA75X 


ST75X 


^PD75CG208EA 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


^iPD75212ACW 


IE-75000-R 


EP-75216ACW-R 


— 


^PD75P216ACW 


RA75X 


ST75X 


)iPD75212AGF-3BE 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


^iPD75216ACW 


IE-75000-R 


EP-75216ACW-R 


— 


^PD75P216ACW 


RA75X 


ST75X 


|LiPD75216A6F 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


|iPD75CG216AE 


IE-75000-R 


EP-75216ACW-R 


— 


— 


RA75X 


ST75X 


HPD75CG216AEA 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


|iPD75P216ACW 


IE-75000-R 


EP-75216ACW-R 


— 


MPD75P216ACW 


RA75X 


ST75X 


^PD75268GW 


IE-75000-R 


EP-75216ACW-R 


— 


|aPD75P216ACW 


RA75X 


ST75X 


HPD75268GF-3BE 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


^iPD75304GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


^PD75P308GF/K 


RA75X 


ST75X 


|iPD75306GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


^PD75P308GF/K 


RA75X 


ST75X 


|iPD75308GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


HPD75P308GF/K 


RA75X 


ST75X 


HPD75P308GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


MPD75P308K 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


|xPD75312GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


MPD75P316GF 


RA75X 


ST75X 


|aPD75316GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


^PD75P316GF 


RA75X 


ST75X 


HPD75P316GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


MPD75P318AGF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


^tPD75P316AK 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


)LiPD75328GG-3B9 


IE-75000-R 


EP-75328GC-R 


EV-9200GC-80 


^PD75P328GC 


RA75X 


ST75X 


)iPD75P328GC-3B9 


IE-75000-R 


EP-75328GC-R 


EV-9200GC-80 


— 


RA75X 


ST75X 


|LiPD75402AC 


IE-75000-R 


EP-75402C-R 


— 


ji>D75P402C 


RA75X 


ST75X 


MPD75402ACT 


IE-75000-R 


EP-75402C-R 


— 


^PD75P402CT 


RA75X 


ST75X 


MPD75402AGB-3B4 


IE-75000-R 


EP-75402GB-R 


EV-9200G-44 


|nPD75P402GB 


RA75X 


ST75X 


|LiPD75P402C 


IE-75000-R 


EP-75402C-R 


— 


— 


RA75X 


ST75X 


^iPD75P402CT 


IE-75000-R 


EP-75402C-R 


,, — 


— 


RA75X 


S775X 


^iPD75P402GB-3B4 


IE-75000-R 


EP-75402GB-R 


EV-9200G-44 


— , 


RA75X 


ST75X 


^PD75512GF-3B9 


IE-75000-R 


EP-75516GF-R 


EV-9200G-80 


|iPD75P5166F/K 


RA75X 


ST75X 


^iPD75516GF-3B9 


IE-75000-R 


EP-75516GF-R 


EV-9200G-80 


MPD75P516GF/K 


RA75X 


ST75X 


MPD75P5166F-3B9 


IE-75000-R 


EP-75516GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


MPD75P516K 


IE-75000-R 


EP-75516GF-R 


EV-9200G-80 


- 


— 


— 



Notes: 

(1 ) The EV-9200G-XX is an LCC socket with the footprint of the flat 
package. One unit is supplied with the probe. Additional units are 
available as replacement parts in sets of five. 

(2) All EPROM/OTP devices can be programmed using the NEC PG- 
1 500. Refer to the PG-1 500 Programming Socket Adapter 
Selection Guide for the appropriate socket adapter. 

(3) The RA75X relocatable assembler package is provided for the 
following operating systems: 

RA75X-D52 (MS-DOS*) 
RA75X-VVT1 (VAXA/MS*) 

(4) The ST75X structures assembler preprocessor is provided with 
RA75X. 



MS-DOS is a registered trademark of Microsoft Corporation. 



(5) Packages: 




Package 


( Description 


C 


28-pin plastic DIP 


CT 


28-pin plastic shrink DIP 


CU 


42-pin plastic shrink DIP 


CW 


64-pin plastic shrink DIP 


DW 


64-pin ceramic shrink DIP with window 


E 


64-pin ceramic piggy-back shrink DIP 


EA 


64-pin ceramic piggy-back QFP 


G-1B 


64-pin plastic QFP (2.05 mm thick) 


G-22 


64-pin plastic QFP (1.55 mm thick) 


GB-3B4 


44-pin plastic QFP 


GC-ABS 


64-pin plastic QFP (2.55 mm thick) 


GC-3B9 


80-pin plastic QFP 


GF-3BE 


64-pin plastic QFP (2.77 mm thick) 


GF-3B9 


80-pin plastic QFP 


K 


80-pin ceramic LCC 



VAX and VMS are registered trademarks of Digital Equipment Corporation. 
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Part Number 
(Note1) 


Emulator* 


Emulation 
Probe* 


EPROM/OTP 
Device 


PG-1500 
Adapter 
(Note 2) 


Relocatable 
Assembler 
(Note 9) 


C Compiler 
(Note 9) 


HPD78G10GW 


IE-78G11-M 


EV-9001-64 
(Note 3) 


— 


- 


RA87 


GC87 


HPD78C10G-36 


IE-78C11-M 


(Note 4) 


— 


— 


RA87 


CG87 


HPD78C10G-1B 


IE-78C11-M 


(Note 5) 


— 


— 


RA87 


CC87 


MPD78C10GF-3BE 


IE-78C11-M 


(Note 5) 


— 


— 


RA87 


CG87 


HPD78C10L 


IE-78G11-M 


(Notes) 


— 


— 


RA87 


CC87 


HPD78C10AGW 


IE-78C11-M 
(Note 8) 


EV-9001-64 
(Note 3) 


— 


— 


RA87 


CC87 


HPD78C10AGQ-36 


IE-78C11-M 
(Note 8) 


(Note 4) 


— 


— 


RA87 


CC87 


|iiPD78C10AGF-3BE 


IE-78G11-M 
(Note 8) 


(Notes) 


— 


— 


RA87 


CC87 


^PD78C10AL 


IE-78C11-M 
(Note 8) 


(Notes) 


, — 


— 


RA87 


CC87 


MPD78C11CW 


IE-78C11-M 


EV-9001-64 
(Note 3) 


JIPD78CP14CW/DW 


PA-78CP14CW 


RA87 


CC87 


^PD78C11G-36 


IE-78G11-M 


(Note 4) 


MPD78CP14G-36/R 
HPD78CP14E 


PA-78GP14GQ 


RA87 


GC87 


MPD78C11G-1B 


.IE-78G11-M 


(Notes) 


MPD78CP14GF-3BE 


PA-78CP14GF 


RA87 


CG87 


HPD78C11GF-3BE 


IE-78C11-M 


(Notes) 


MPD78CP14GF-3BE 


PA-78CP14GF 


RA87 


CC87 


jaPD78G11L 


IE-78G11-M 


(Notes) 


MPD78GP14L 


PA-78CP14L 


RA87 


CC87 


HPD78C11ACW 


IE-78G11-M 
(Note 7) 


EV-9001-64 
(Note 3) 


pPD78CP14CW/DW 
(Note 6) 


PA-78GP14CW 


RA87 


CC87 


MPD78C11AGQ-36 


IE-78C11-M 
(Note 7) 


(Note 4) 


HPD78CP14G-36/R 
(Note 6) 


PA-78CP14GQ 


RA87 


CC87 


|iPD78G11AGF-3BE 


IE-78G11-M 
(Note 7) 


(Notes) 


^PD78GP14GF-3BE 
(Note 6) 


PA-78CP14GF 


RA87 


CC87 


HPD78C11AL 


IE-78C11-M 
(Note 7) 


(Note S) 


HPD78CP14L 
(Note 6) 


PA-78GP14L 


RA87 


GC87 


MPD78C12AGW 


IE-78C11-M 
(Note 7) 


EV-9001-64 
(Note 3) 


HPD78CP14CW/DW 
(Note 6) 


PA-78GP14CW 


RA87 


CC87 


HPD78C12AGQ-36 


IE-78C11-M 
(Note 7) 


(Note 4) 


HPD78CP14G-36/R 
(Note 6) 


PA-78GP14GQ 


RA87 


CC87 


^PD78C12AGF-3BE 


IE-78C11-M 
(Note 7) 


(Note S) 


HPD78CP14GF-3BE 
(Note 6) 


PA-78GP14GF 


RA87 


CC87 


MPD78C12AL 


IE-78C11-M 
(Note 7) 


(Notes) 


HPD78CP14L 
(Note 6) 


PA-78CP14L 


RA87 


CC87 


HPD78C14CW 


IE-78C11-M 


EV-9001-64 
(Note 3) 


MPD78CP14CW/DW 


PA-78GP14CW 


RA87 


CC87 


|iPD78G14G-36 


IE-78C11-M 


(Note 4) 


HPD78CP14G-36/R 
HPD78CG14E 


PA-78CP14GQ 


RA87 


CC87 


MPD78C14G-1B 


IE-78C11-M 


(Note S) 


HPD78CP14GF 


PA-78CP14GF 


RA87 


GG87 


HPD78C14GF-3BE 


IE-78C11-M 


(Notes) 


HPD78CP14GF 


PA-78CP14GF 


RA87 


CC87 


MPD78C14L 


IE-78C11-M 


(Notes) 


J1PD78GP14L 


PA-78CP14L 


RA87 


CC87 


MPD78C14AG-AB8 


IE-78C11-M 
(Note 7) 


(Note S) 


— 


— 


RA87 


CC87 


HPD78GG14E 
(Note 8) 


1E-78C11-M 


(Note 4) 


— 


— 


RA87 


CC87 


HPD78CP14CW 


IE-78C11-M 


EV-9001-64 
(Note 3) 


— 


PA-78CP14CW 


RA87 


CG87 



^PD78CP14DW 



IE-78C11-M 



EV-9001-64 
(Note 3) 



PA-78CP14CW 



* Required Tools 

**For all ^PD78C1X devices, you may use the DDK-78C10 for evaluation purposes. 



RA87 



GC87 



1-11 



HPD78XX Series 



SEC 



^PD78XX Series Development Tools Selection Guide** 


(cont) 






Part Number 
(Note1) 


Emulator* 


Emulation 
Probe* 


EPROM/OTP 
Device 


PG-1500 
Adapter 
(Note 2} 


Relocatable 
Assembler 
(Note 9) 


C Compiler 
(Note 9) 


HPD78CP14G-36 


IE-78C11-M 


(Note 4) 


— 


PA-78CP14GQ 


RA87 


CC87 


MPD78CP14GF-3BE 


IE-78C11-M 


(Note 5) 


— 


PA-78CP14GF 


RA87 


CC87 


|jPD78CP14L 


IE-78C11-M 


(Notes) 


-- 


PA-78CP14L 


RA87 


CC87 


|aPD78CP14R 


IE-78C11-M 


(Note 4) 


- 


PA-78CP14GQ 


RA87 


CC87 



' Required Tools 

*For all |iPD78C1X devices, you may use the DDK-78C10 for evaluation purposes. 



Notes: 



(1) 



Package 

CW 

DW 

E 

G-1B 

G-36 

G-ABS 

GF-3BE 

GQ-36 

L 

R 



Description 

64-pin plastic shrink DIP 

64-pin ceramic shrink DIP with window 

64-pin ceramic piggy-back QUIP 

64-pin plastic QFP (Resin Thickness: 2.05 mm) 

64-pin plastic QUIP 

64-pin plastic QFP (Interpin Pitch: 0.8 mm) 

64-pin plastic QFP (Resin Thickness: 2.7 mm) 

64-pln plastic QUIP 

68-pin PLGO 

64-pln ceramic QUIP with window 



(2) By using the specified adapter, the PG-1500 EPROM programmer 
can be used to program the EPROM/OTP device. 

(3) 64-pin shrink DIP adapter which plugs into the EP-781 1 HGQ 
emulation probe supplied with each IE. 



(4) The emulation probe for the 64-pin QUIP package (EP-781 1 HGQ) 
is supplied with the IE. 

(5) No emulation probe available. 

(6) The ^PD78GP14 EPROM/OTP devices do not have pull-up 
resistors on ports A, B, and 0. 

(7) The IE-78G1 1-M can be used by replacing the nPD78C10G-36 
with a HPD78C10AGQ-36. However, it will not be able to emulate 
the optional pull-up resistors on ports A, B, and C. 

(8) The )iPD78CG14E is a piggy-back EPROM device in a ceramic 
QUIP package. It accepts 27C256 and 27C256A EPROMS. 

(9) The following relocatable assemblers and C compilers are 
available: 



RA87-D52 
RA87-VVT1 



(MS-DOS*) 
(VAXA/MS®) 



Relocatable assemblers 
for 78XX series 



CCMSD-I5DD-87 
CCVMS-OT16-87 
CCUNX-OT16-87 



(MS-DOS) 
(VAXA/MS) 
(VAX/UNIX*) 
4.2 BSD or Ultrix®) 



C Compilers for 
78XX Series 



MS-DOS is a registered trademark of Microsoft Corporation. 

VAX, VMS and Ultrix are registered trademarks of Digital Equipment Corporation. 

UNIX is a trademark of AT&T Bell Laboratories. 



1-12 



NEC 



{XPD782XX Series 
Development Tools 



|xPD782XX Series Development Tools Selection Guide (Note 1) 


Part Number 
(Note 2) 


Evaluation 
Kit (Note 3 


Designer Kit 
(Note 4) 


Emulator Kit 
(Notes) 


Low-End 
Emulator 


Emulation 
System 


Emulation 
Probe 


Device 
(Note 6) 


|jPD78213CW 


EK-78K2-21X 


DK-78K2-21XCW 


IK-78K2-21XCW 


EB-78210-PC 


IE-78210-R 


EP-78210CW-R 


— 


^PD78213GJ-5BJ 


EK-78K2-21X 


DK-78K2-21XGJ 


IK-78K2-21XGJ 


EB-78210-PC 


IE-78210-R 


EP-78210GJ-R(7) 


— 


HPD78213GQ-36 


EK-78K2-21X 


DK-78K2-21XGQ 


IK-78K2-21XGQ 


EB-78210-PC 


IE-78210-R 


EP-78210GQ-R 


— 


|aPD78213L 


EK-78K2-21X 


DK-78K2-21XL 


IK-78K2-21XL 


EB-78210-PC 


IE-78210-R 


EP-78210L-R 


— 


MPD78214CW 


EK-78K2-21X 


DK-78K2-21XCW 


IK-78K2-21XCW 


EB-78210-PC 


IE-78210-R 


EP-78210CW-R 


1JPD78P214CW/DW 


I^D78214GJ-5BJ 


EK-78K2-21X 


DK-78K2-21XGJ 


IK-78K2-21XGJ 


EB-78210-PC 


IE-78210-R 


EP-78210GJ-R(7) 


MPD78P214GJ 


iaPD78214GQ-36 


EK-78K2-21X 


DK-78K2-21XGQ 


IK-78K2-21XGQ 


EB-78210-PC 


IE-78210-R 


EP-78210GQ-R 


HPD78P214GQ 


MPD78214L 


EK-78K2-21X 


DK-78K2-21XL 


IK-78K2-21XL 


EB-78210-PC 


IE-78210-R 


EP-78210L-R 


|iPD78P214L 


^PD78P214CW 


EK-78K2-21X 


DK-78K2-21XCW 


IK-78K2-21XCW 


EB-78210-PG 


IE-78210-R 


EP-78210CW-R 


— 


liPD78P214DW 


EK-78K2-21X 


DK-78K2-21XCW 


IK-78K2-21XCW 


EB-78210-PC 


IE-78210-R 


EP-78210CW-R 


— 


l#D78P214GJ-5BJ 


EK-78K2-21X 


DK-78K2-21XGJ 


IK-78K2-21XGJ 


EB-78210-PC 


IE-78210-R 


EP-78210GJ-R(7) 


— 


HPD78P214GQ-36 


EK-78K2-21X 


DK-78K2-21XGQ 


IK-78K2-21XGQ 


EB-78210-PC 


IE-78210-R 


EP-78210GQ-R 


— 


^PD78P214L 


EK-78K2-21X 


DK-78K2-21XL 


IK-78K2-21XL 


EB-78210-PC 


IE-78210-R 


EP-78210L-R 


— 


MPD78220GJ-5BG 


EK-78K2-22X 


DK-78K2-22XGJ 


IK-78K2-22XGJ 


EB-78220-PG 


IE-78220-R 


EP-7822GGJ-R (8) 


— 


HPD78220L 


EK-78K2-22X 


DK-78K2-22XL 


IK-78K2-22XL 


EB-78220-PC 


IE-78220-R 


EP-78220L-R 


— 


HPD78224GJ-5BG 


EK-78K2-22X 


DK-78K2-22XGJ 


IK-78K2-22XGJ 


EB-78220-PC 


IE-78220-R 


EP-78220GJ-R (8) 


HPD78P224GJ 


^PD78224L 


EK-78K2-22X 


DK-78K2-22XL 


IK-78K2-22XL 


EB-78220-PC 


IE-78220-R 


EP-78220L-R 


HPD78P224L 


MPD78P224GJ-5BG 


EK-78K2-22X 


DK-78K2-22XGJ 


IK-78K2-22XGJ 


EB-78220-PC 


IE-78220-R 


EP-78220GJ-R (8) 


— 


^PD78P224L 


EK-78K2-22X 


DK-78K2-22XL 


IK-78K2-22XL 


EB-78220-PC 


IE-78220-R 


EP-78220L-R 


— 


^PD78233GC-3B9 


EK-78K2-23X 


DK-78K2-23XGC 


IK-78K2-23XGC 


EB-78230-PC 


IE-78230-R 


EP-78230GG-R 


— 


|nPD78233GJ-5BG 


EK-78K2-23X 


DK-78K2-23XGJ 


IK-78K2-23XGJ 


EB-78230-PC 


IE-78230-R 


EP-78230GJ-R 


— 


)iPD78233LQ 


EK-78K2-23X 


DK-78K2-23XL 


IK-78K2-23XL 


EB-78230-PG 


IE-78230-R 


EP-78230LQ-R 


— 


MPD78234GC-3B9 


EK-78K2-23X 


DK-78K2-23XGC 


IK-78K2-23X6C 


EB-78230-PC 


IE-78230-R 


EP-78230GG-R 


HPD78P238GG 


HPD78234GJ-5BG 


EK-78K2-23X 


DK-78K2-23XGJ 


IK-78K2-23XGJ 


EB-78230-PC 


IE-78230-R 


EP-78230GJ-R 


MPD78P238GJ/KF 


|iPD78234LQ 


EK-78K2-23X 


DK-78K2-23XL 


IK-78K2-23XL 


EB-78230-PC 


IE-78230-R 


EP-78230LQ-R 


HPD78P238LQ 


MPD78P238GC-3B9 


EK-78K2-23X 


DK-78K2-23XGC 


IK-78K2-23XGC 


EB-78230-PC 


IE-78230-R 


EP-78230GC-R 


— 


HPD78P238GJ-5BG 


EK-78K2-23X 


DK-78K2-23XGJ 


IK-78K2-23XGJ 


EB-78230-PC 


IE-78230-R 


EP-78230GJ-R 


— 


|iPD78P238KF 


EK-78K2-23X 


DK-78K2-23XGJ 


IK-78K2-23XGJ 


EB-78230-PC 


IE-78230-R 


EP-78230GJ-R 


— 


MPD78P238LQ 


EK-78K2-23X 


DK-78K2-23XL 


IK-78K2-23XL 


EB-78230-PC 


IE-78230-R 


EP-78230LQ-R 


- 



Notes: 

1 . The following software packages are available for the |iPD782XX 
Series: 

RA78K2 relocatable assembler package 

RA78K2-D52 (MS-DOS*) 

RA78K2-VVT1 (VAX*/VMS®) 
ST78K2 Structured assembler preprocessor 

Provided with RA78K2 
CC782XX C Compiler package 

CCMSD-I5DD-782XX (MS-DOS*) 

(2) Packages: 

Paclcage Description 

CW 64-pin plastic shrink DIP 

DW 64-pin ceramic shrink DIP with window 

GC-3B9 80-pin plastic QFP 

GJ-5BG 94-pin plastic QFP 

GJ-5BJ 74-pin plastic QFP 

GQ-36 64-pin plastic QUIP 

KF 94-pin ceramic LCC with window 

L 68-pin PLCC (^PD78213/214/P214L) 
84-pin PLCC (^PD78220/224/P224L) 

LQ 84-pin PLCC 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment Corporation. 



(3) The |iPD782XX Evaluation Kit contains the appropriate DDB-78K2- 
2XX evaluation board for the part selected, the RA78K2 Relocat- 
able Assembler Package, and the ST78K2 Structured Assembler 
Preprocessor. 

(4) The |iPD782XX Designer Kit contains the appropriate EB-782XX- 
PC low-end emulator and emulation probe for the part selected, the 
RA78K2 Relocatable Assembler Package, and the ST78K2 
Structured Assembler Preprocessor. 

(5) The HPD782XX Emulator Kit contains the appropriate IE-782XX 
system and emulation probe for the part selected, the RA78K2 
Relocatable Assembler Package, and the ST78K2 Structured 
Assembler Preprocessor. 

(6) All EPROM/OTP devices can be programmed using the NEC PG- 
1 500. Refer to the PG-1500 Programming Socket Adapter 
Selection Guide for the appropriate programming adapter. 

(7) The EP-78210GJ-R emulation probe is shipped with one EV- 
9200G-74, a 74-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts in 
sets of five. 

(8) The EP-78220GJ-R emulation probe is shipped with one EV- 
9200G-94, a 94-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts in 
sets of five. 
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^PD783XX Series 
Development Tools 



iaPD783XX Series Development Tools Selection Guide (Note 10) 


Part Number 
(Note1) 


Emulator* 


Emulation 
Probe* 


EPROM/OTP 
Device 


PG-1500 
Adapter 
(Note 2) 


Relocatable 

Assembler 

(Notell) 


Structured 
Assembler 
(Note 12) 


C Compiler 
(Note 13) 


HPD78310ACW 


IE-78310A-R 


(Note 3) 


- 


- 


RA78K3 


ST78K3 


CC7831X 
(Note 5) 


HPD78310AGF-3BE 


IE-78310A-R 


EP-78310GF 
(Note 6) 


— 


— 


RA78K3 


ST78K3 


CC7831X 
(Note 5) 


MPD78310AGQ-36 


IE-78310A-R 


(Note 4) 


— 


— 


RA78K3 


ST78K3 


CC7831X 
(Note 5) 


HPD78310AL 


IE-78310A-R 


EP-78310L 


— 


— 


RA78K3 


ST78K3 


CC7831X 
(Note 5) 


|aPD78312ACW 


IE-78310A-R 


(Note 3) 


HPD78P312ACW/DW 


PA-78P312CW 


RA78K3 


ST78K3 


CC7831X 
(Note 5) 


HPD78312AGF-3BE 


IE-78310A-R 


EP-78310GF 
(Note 6) 


|iPD78P312AGF-3BE 


PA-78P312GF 


RA78K3 


ST78K3 


CC7831X 
(Note 5) 


MPD78312AGQ-36 


IE-78310A-R 


(Note 4) 


^lPD78P312AGQ/RQ 


PA-78P312GQ 


RA78K3 


ST78K3 


CC7831X 
(Note 5) 


|iPD78312AL 


IE-78310A-R 


EP-78310L 


HPD78P312AL 


PA-78P312L 


RA78K3 


ST78K3 


CC7831X 
(Notes) 


|iPD78P312ACW 


IE-78310A-R 


(Note 3) 


— 


PA-78P312CW 


RA78K3 


ST78K3 


CC7831X 
(Notes) 


^PD78P312ADW 


IE-78310A-R 


(Note 3) 


— 


PA-78P312CW 


RA78K3 


ST78K3 


CC7831X 
(Note S) 


HPD78P312AGF-3BE 


IE-78310A-R 


EP-78310GF 
(Note 6) 


— 


PA-78P312GF 


RA78K3 


ST78K3 


007831 X 
(Note 5) 


HPD78P312AGQ-36 


IE-78310A-R 


(Note 4) 


— 


PA-78P312GQ 


RA78K3 


ST78K3 


CC7831X 
(Notes) 


)iPD78P312AL 


IE-78310A-R 


EP-78310L 


— 


PA-78P312L 


RA78K3 


ST78K3 


CC7831X 
(Note 5) 


MPD78P312AR 


IE-78310A-R 


(Note 4) 


— 


PA-78P312GQ 


RA78K3 


ST78K3 


007831 X 
(Note 5) 


|iPD78320GJ-5BJ 


IE-78320-R 


EP-78320GJ-R 
(Note 7) 


— 


— 


RA78K3 


ST78K3 


007832X 


^PD78320L 


IE-78320-R 


EP-78320L-R 


— 


— 


RA78K3 


ST78K3 


007832X 


|iPD78322GJ-5BJ 


IE-78320-R 


EP-78320GJ-R 
(Note 7) 


HPD78P322GJ 
MPD78P322KD 


PA-78P322GJ 
PA-78P322KD 


RA78K3 


ST78K3 


007832X 


|aPD78322L 


IE-78320-R 


EP-78320L-R 


|iPD78P322L 
^PD78P322KC 


PA-78P322L 
PA-78P322KC 


RA78K3 


ST78K3 


007832X 


HPD78P322GJ 


IE-78320-R 


EP-78320GJ-R 
(Note 7) 


— 


PA-78P322GJ 


RA78K3 


ST78K3 


007832X 


|aPD78P322KG 


IE-78320-R 


EP-78320L-R 


— 


PA-78P322KG 


RA78K3 


ST78K3 


007832X 


HPD783P322KD 


IE-78320-R 


EP-78320GJ-R 
(Note 7) 


— 


PA-78P322KD 


RA78K3 


ST78K3 


007832X 


HPD78P322L 


IE-78320-R 


EP-78320L-R 


— 


PA-78P322L 


RA78K3 


ST78K3 


007832X 


|iPD71P301GF-3BE 


IE-78320-R 


— 


— 


PA-71P301GF 


— 


— 


— 


MPD71P301GQ-36 


IE-78320-R 


— 


— 


PA-71P301GQ 


— 


_ 


— 


|aPD71P301KA 
(Note 8) 


IE-78320-R 


— 


— 


PA-71P301KA 


— 


— 


— 


HPD71P301KB 
(Note 9) 


IE-78320-R 


— 


— 


PA-71P301KB 


— 


— 


— 


^PD71P301L 


IE-78320-R 


— 


_ 


PA-71P301L 


— 


— 


— 


MPD71P301RQ 


IE-78320-R 


— 


— 


PA-71P301GQ 


- 


— 


— 



' Required Tools 
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Notes: 

(1) Packages: 

Package Description 

CW 64-pln plastic shrink DIP 

DW 64-pin ceramic shrink DIP with window 

GF-3BE 64-pin plastic QFP (Resin Thickness: 2.7 mm) 

GJ-5BJ 74-pin plastic QFP (20 mm x 20 mm) 

GQ-36 64-pin plastic QUIP 

KA 44-pin ceramic LCC with window 

64-pin ceramic LCC with window 

68-pin ceramic LCC with window 

74-pin ceramic LCC with window 

44-pin PLCC(^PD71P301L) 

68-pin PLCC (hPD78310A/312A/P312AL, 
M.PD78320/322L) 

64-pin ceramic QUIP with window 

64-pin ceramic QUIP with window 

(2) By using the specified adapter, the PG-1500 EPROM program- 
mer can be used to program the EPROM/OTP device. 

(3) The emulation probe for the 64-pln shrink DIP package (EP- 
783 1 0CW) is supplied with the I E. 

(4) The emulation probe for the 64-pin QUIP package (EP- 
78310GQ) is supplied with the IE. 

(5) There are two C Compilers for the nPD7831X devices: CC7831 X 
from NEC Electronics and one from Lattice Corporation. 

(6) The EP-78310GF emulation probe is shipped with one EV- 
9200G-64, a 64-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts 
in sets of five. 



KB 
KC 
KD 
L 



R 
RQ 



(7) The EP-78320GJ-R emulation probe is shipped with one EV- 
9200G-74, a 74-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts 
in sets of five. 

(8) Sockets for the ^PD71 P301 KA (44-pin LCC package) are 
available from Yamaichi, Inc. (IC61 -0444-030). 

(9) Sockets for the m,PD71 P301 KB (64-pin LCC package) are 
available from NEC Electronics (EV-9200G-64) in sets of five. 

(10) The following evaluation boards are available for the }4,PD783XX 
series: 

Part Number Design/Development Boards Evaluation Boards 

HPD7831XA 
|iPD7832X 



DDK-78310A 



EB-78320-PC 



(11) The following relocatable packages are available: 



RA-78K3-D52 
RA-78K3-VVT1 



(MS-DOS*) 
(VAXA/MS*) 



Relocatable assembler 
for 783XX series 



(12) 



The ST78K3 structured assembler preprocessor is provided with 
RA78K3. 



(13) The following C Compiler packages are available: 



CCMSD-I5DD-7831X 
CCMSD-I5DD-7832X 



(MS-DOS*) 
(MS-DOS*) 



For nPD783 IX series 
For |j,PD7832X series 



MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment Corporation. 
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Socket Adapters 


and Adapter Moduies 


Target Chip 


Socket Adapter 
(Note1) 


Adapter Module 
(Note 2) 


Standard 27XXX EPROM Devices 


HPD27256 (12.5 V) 


— 


027A Board 


^PD27256 (21 V) 


— 


027A Board 


|iPD27C256 


— 


027A Board 


|i>D27C256A 


— 


027A Board 


^lPD27C512 


— 


027A Board 


MPD27C1000 


— 


027A Board 


|iPD27C1001 


— 


027A Board 


)aPD27C10124 


— 


027A Board 


1IPD75XX Series Devices 


^PD75P54CS 


PA-75P54GS 


04A Board 


^iPD75P54G 


PA-75P54CS 


04A Board 


HPD75P56GS 


PA-75P54CS 


04A Board 


HPD75P56G 


PA-75P54GS 


04A Board 


)iPD75P64CS 


PA-75P54GS 


04A Board 


^PD75P64G 


PA-75P54GS 


04A Board 


HPD75P66CS 


PA-75P56CS 


04A Board 


HPD75P66G 


PA-75P56GS 


04A Board 


|iPD75XXX Series Devices 


MPD75P008CU 


PA-75P008GU 


04A Board 


MPD75P008GB 


PA-75P008GU 


04A Board 


|jPD75P036CW 


PA-75P036GW 


04A Board 


MPD75P036GC 


PA-75P036GG 


04A Board 


MPD75P108BCW 


PA-75P108GW 


04A Board 


MPD75P108CW 


PA-75P108GW 


04A Board 


jiPD75P108DW 


PA-75P108GW 


04A Board 


HPD75P108BGF 


PA-75P108G 
PA-75P116GF 


04A Board 
04A Board 


MPD75P108G 


PA-75P108G 
PA-75P116GF 


04A Board 
04A Board 


^PD75P116CW 


PA-75P108GW 


04A Board 


>PD75P116GF 


PA-75P108G 
PA-75P116GF 


04A Board 
04A Board 


^PD75P216GF 


PA-75P216AGW 


04A Board 


^iPD75P308GF 


PA-75P308GF 


04A Board 


pPD75P308K 


PA-75P308K 


04A Board 


HPD75P316GF 


PA-75P308GF 


04A Board 


MPD75P316AGF 


PA-75P308GF 


04A Board 


|aPD75P316AK 


PA-75P308K 


04A Board 


HPD75P328GC 


PA-75P3286C 


04A Board 


MPD75P402C 


(Note 3) 


027A Board 


)iPD75P402CT 


PA-75P402GT 


027A Board 


HPD75P402GB 


PA-75P402GB 


027A Board 


HPD75P516GF 


PA-75P516GF 


04A Board 


mPD75P516K 


PA-75P518K 


04A Board 



Target Chip 


Socket Adapter 
(Note1) 


Adapter Module 
(Note 2) 


|iPD78XX Series Devices 


^PD78GP14GW 


PA-78GP14GW 


027A Board 


MPD78GP14DW 


PA-78GP14GW 


027A Board 


MPD78GP14G 


PA-78GP14GQ 


027A Board 


|aPD78GP14GF 


PA-78GP14GF 


027A Board 


|iPD78CP14L 


PA-78GP14L 


027A Board 


HPD78GP14R 


PA-78GP14GQ 


027A Board 


M.PD78XXX Series Devices 


HPD71P301GF 


PA-71P301GF 


027A Board 


HPD71P301GQ 


PA-71P301GQ 


027A Board 


HPD71P301KA 


PA-71P301KA 


027A Board 


MPD71P301KB 


PA-71P301KB 


027A Board 


HPD71P301L 


PA-71P301L 


027A Board 


HPD78P214GW 


PA-78P214GW 


027A Board 


HPD78P214GJ 


PA-78P214GJ 


027A Board 


^PD78P214GQ 


PA-78P214GQ 


027A Board 


HPD78P214L 


PA-78P214L 


027A Board 


HPD78P224GJ 


PA-78P224GJ 


027A Board 


IiPD78P224L 


PA-78P224L 


027A Board 


HPD78P238GG 


PA-78P238GG 


027A Board 


MPD78P238GJ 


PA-78P238GJ 


027A Board 


MPD78P238KF 


PA-78P238KF 


027A Board 


HPD78P238LQ 


PA-78P238LQ 


027A Board 


HPD78P312AGW 


PA-78P312GW 


027A Board 


HPD78P312ADW 


PA-78P312GW 


027A Board 


^PD78P312AGF 


PA-78P312GF 


027A Board 


MPD78P312AGQ 


PA-78P312GQ 


027A Board 


HPD78P312AL 


PA-78P312L 


027A Board 


HPD78P312AR 


PA-78P312GQ 


027A Board 


|aPD78P322GJ 


PA-78P322GJ 


027A Board 


HPD78P322KG 


PA-78P322KG 


027A Board 


HPD78P322KD 


PA-78P322KD 


027A Board 


pPD78P322L 


PA-78P322L 


027A Board 


V-Serles Devices 


HPD70P322K 


PA-70P322L 


027A Board 


Digital Signal Processors 


^lPD77P56GR 


PA-77P56G 


04A Board 


MPD77P56G 


PA-77P56G 


04A Board 


|iPD77P25G 


PA-77P25G 


027A Board 


HPD77P25D 


PA-77P25G 


027A Board 


HPD77P230R 


PA-77P230R 


027A Board 



Notes: 

(1) All socket adapters must be purchased separately. 

(2) The 27A and 04A Adapter Modules are shipped with the PG-1500. 

(3) The HPD75P402C does not require a programming socket 
adapter. It can be plugged directly Into the 027A board. 
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V-Series 
Microprocessors and Peripherals 



CMOS Microprocessors 


Device, 


Features 


Data 
Bits 


Clock 
(MHz) 


' Package 


Pins 


70008A 


*Z80 microprocessor 


8 


8 


DIP 
QFP 
PLCC 


40 
44 
44 


70108 
(V20) 


8088 compatible; enhanced 


8/16 


8 or 10 


DIP 

Ceramic DIP 
QFP 
PLCC 


40 
40 
52 
44 


70116 
(V30) 


8086 compatible; enhanced 


16 


8or10 


DIP 

Ceramic DIP 
QFP 
PLCC 


40 
40 
52 
44 


70208 
(V40) 


MS-DOS, V20 compatible CPU with peripherals 


8/16 


8 or 10 


Ceramic PGA 

PLCC 

QFP 


68 
68 
80 


70216 
(V50) 


MS-DOS, V30 compatible CPU with peripherals 


16/16 


8 or 10 


PGA 
PLCC 
QFP 


68 
68 
80 


70616 
(V60) 


32-bit; high-speed 


16/32 


16 


PGA 


68 


70632 
(V70) 


32-bit; high-speed 


32/32 


20/25 


PGA 


132 


70832 
(V80) 


32-bit; high-speed 


32/32 


25 


Ceramic PGA 


208 


70136 
(V33) 


Hardwired, enhanced V30 


16 


12 or 16 


PGA 
PLCC 


68 
68 


70236 
(V53) 


V33 core-based; high-integration; DMA, serial I/O, 
interrupt controller, etc. 


16 


- 


Ceramic PGA 
QFP 


132 
120 


70320 
(V25) 


MS-DOS compatible; high-integration; DMA, serial I/O, 
Interrupt controller, etc. 


8/16 


5 or 8 


PLCC 
QFP 


84 
94 


70330 
(V35) 


MS-DOS compatible; high-integration; DMA, serial I/O, 
Interrupt controller, etc. 


16 


8 


PLCC 
QFP 


84 
94 


70325 
(V25+) 


MS-DOS compatible; high-Integration; high-speed DMA 


8/16 


8 or 10 


PLCC 
QFP 


84 
94 


70335 
(V35+) 


MS-DOS compatible; high-integration; high-speed DMA 


16 


8or10 


PLCC 
QFP 


84 
94 


70327 

(V25 Software Guard) 


MS-DOS compatible; high-integration; software protection 


8/16 


8 


PLCC 
QFP 


84 
94 


70337 

(V35 Software Guard) 


MS-DOS compatible; high-integration; software protection 


16 


8 


PLCC 
QFP 


84 
94 


79011 
(V25 RTOS) 


MS-DOS compatible; high-integration; real-time operating system 


8/16 


8 


PLCC 
QFP 


84 
94 


79021 
(V35 RTOS) 


MS-DOS compatible; high-integration; real-time operating system 


16 


8 


PLCC 
QFP 


84 
94 


70322 
(V25 ROM) 


MS-DOS compatible; high-integration; 16K-byte ROM 


8/16 


8 


PLCC 
QFP 


84 
94 



# Plastic unless ceramic (or cerdip) is specified. 

* For additional information, refer to 1987 Microcomputer Data Book. 
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CMOS Microprocessors (cont) 


Device, 

^PD Features 


Data 
Bits 


Ciock 
(MHz) 


* Package 


Pins 


70P322 MS-DOS compatible; high-integration; 16K-byte UVEPROM; 
V25orV35mocle 


8/16 


8 


Ceramic LCC 


84 


70332 MS-DOS compatible; high-integration; 16K-byte ROM 
(V35R0M) 


16 


8 


PLCC 
QFP 


84 
94 


NMOS and HMOS Microprocessors 


Device, 

UPD Features 


Data 
Bits 


Clock 
(MHz) 


* Package 


Pins 


8085A *8-bit microprocessor; NMOS or HMOS 


8 


5 


DIP 


40 


8086 *16-bit microprocessor; HMOS 


16 


8 


Cerdip 


40 


8088 *8-bit microprocessor; HMOS 


8 


8 


Ceramic DIP 


40 


CMOS System Support Products 


Device, 

|iPD Name 


Data 
Bits 


Ciock 
(MHz) 


# Package 


Pins 


7101 1 Clock Pulse Generator/Driver 


- 


20 


DIP 
SOP 


18 
20 


71037 Programmable DMA Controller 


8 


10 


DIP 
QFP 
PLCC 


40 
40 
44 


71051 Serial Control Unit 


8 


8/10 


DIP 
QFP 
PLCC 


28 
44 
28 


71054 Programmable Timer/Controller 


8 


8/10 


DIP 
QFP 
PLCC 


24 
44 
28 


71055 Parallel Interface Unit 


8 


8/10 


DIP 
QFP 
PLCC 


40 
44 
44 


71059 Interrupt Control Unit 


8 


8/10 


DIP 
QFP 
PLCC 


28 
44 
28 


71071 DMA Controller 


8/16 


8/10 


DIP 

Ceramic DIP 
QFP 
PLCC 


48 
48 
52 
52 


71082 Transparent Latch 


8 


8 


DIP 
SOP 


20 
20 


71083 Transparent Latch 


8 


8 


DIP 
SOP 


20 
20 


71084 Clock Pulse Generator/Driver 


- 


25 


DIP 
SOP 


18 
20 


71086 Bus Buffer/Driver 


8 


8 


DIP 
SOP 


18 
20 


71087 Bus Buffer/Driver 


8 


8 


DIP 
SOP 


20 
20 
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V-Series 



CMOS System Support Products (cont) 


Device, 

^PD Name 


Data 
Bits 


Cloclc 
(MHz) 


* Paclcage 


Pins 


71088 System Bus Controller 


- 


8/10 


DIP 
SOP 


20 
20 


82C43 * Input/Output Expander 


- 


5 


DIP 
Skinny DIP 


24 
24 


NMOS System Support Products 


Device, 

|xPD Name 


Data 
Bits 


Ciocit 
(MHz) 


# Pacltage 


Pins 


8155H *256 x 8 RAM; I/O ports and timer 


8 


3or5 


DIP 


40 


8156H *256 x 8 RAM; I/O ports and timer 


8 


3or5 


DIP 


40 


8237A * Programmable DMA Controller 


8 


5 


DIP 


40 


8243 *lnput/Output Expander 


- 


5 


DIP 


24 


8251A *Programmable Communications Interface 


8 


3/5 


DIP 


28 


8253 * Programmable Internal Timer 


8 


5 


DIP 


24 


8255A * Programmable Peripheral Interface 


8 


5 


DIP 


40 


8257 *Programmable DMA Controller 


8 


5 


DIP 


40 


8259A * Programmable Interrupt Controller 


8 


5 


DIP 


28 


8279 *Programmable Keyboard/Display Interface 


- 


5 


DIP 


40 
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NEC 



Intelligent 
Peripheral Devices (IPD) 



Communications Controllers 


Device, 
^PD 


Name 


Description 


Data Rate 


# Package 


Pins 


7201A 


Multiprotocol Serial 
Communications Controller 


Dual full-duplex serial channels; four DMA channels; 
programmable interrupt vectors; asychronous 
COP and BOP support; NMOS 


1Mb/s 


DIP 
Ceramic DIP 


40 
40 


72001 


CMOS, Advanced Multiprotocol 
Serial Communications 
Controller 


Functional superset of 8530; 8086A/30 interface; two 
full-duplex serial channels; two digital phase-locked 
loops; two baud-rate generators per channel; loopback 
test mode; short frame and mark Idle detection 


2.5Mb/s 


. DIP 
QFP 
PLCC 


40 
52 
52 



72002 



CMOS, Advanced Multiprotocol 
Serial Communications Controller 



Low-cost, single-channel version of 72001; software 
compatible; direct interface to 8237 DMA. 

Not included in 1989-1990 IPD Data Book; refer to 72002 
data sheet. 



2.5Mb/s 



DIP 


40 


QFP 


44 


PLCC 


44 



72103 CMOS, HDLC Controller 


Single full-duplex serial channel; on-chip DMA Controller. 

Not included in 1989-1990 IPD Data Book; refer to 72103 
data sheet 


4Mb/s 


DIP 
PLCC 


64 
68 


Graphics Controllers 


Device, 

UPD Name 


Description 


Drawing Rate 


# Paclcage 


Pins 


7220A High-Performance 
Graphics Display 
Controller 


General-purpose, high-integration controller; hardwired 
support for lines, arc/circles, rectangles, and graphics 
characters; 1024x1024 pixel display with four planes 


500 ns/dot 


Ceramic DIP 


40 


72020 Graphics Display 
Controller 


CMOS 7220A With 2M video memory; dual-port RAM control; 
write-masking on any bit; enhanced external synch 


500ns/dot 


DIP 
QFP 


40 
52 


72120 Advanced Graphics 
Display Controller 


High-speed graphics operations including paint, area fill, 
slant, arbitrary angle rotate, up to 16x enlargement and 
reduction; dual-port RAM control; CMOS 


500 ns/dot 


PLCC 
QFP 


84 
94 


72123 Advanced Graphics 
Display Controller II 


Enhanced 72120; expanded command set; improved painting 
performance; laser printer interface controls; CMOS 


400 ns/dot 


PLCC 
QFP , 


84 
94 


Advanced Compression/Expansion Engine 


Device, 

^PD Name 


Description 




# Package 


Plits 


72185 Advanced Compression/ 
Expansion Engine 


High-speed CCITT Group 3/4 bit-map image compression/expansion (A4 test 
chart, 400 PPI x 400 LPI in under 1 second); 32K-pixel line length; 32-megabyte 
image memory; on-chip DMA and refresh timing generator; CMOS 


SDIP 
PLCC 


64 
68 



# Plastic unless ceramic (or cerdip) is specified. 
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Floppy-Disk Controllers 


Device, 
|iPD 


Name 


Description 


Transfer 
Rate 


# Paclcage 


Pins 


765A/B 


Floppy-Disk Controller 


Industry-standard controller supporting IBM 3740 and IBM 
System 34 double-density format; enhanced 765B supports 
multitasking applications 


500 kb/s 


DIP 


40 


71065/66 


Floppy-Disk Interface 


Compatible with 765-family controllers and others; supports 
multiple data rates from 125 to 500 kb/s 


500 kb/s 


SOP 
SDIP 


28 
30 


72064* 


Floppy-Disk Controller 


CMOS; All features of 72068 with complete AT register set. 
Pin compatible with WD 37C65/A/B but with higher 
performance DPLL and reliable multitasking operation 


500 kb/s 


PLCC 
QFP 


44 
52 


72065/65B 


CMOS Floppy-Disk 
Controller 


100% 765A/B microcode compatible; compatible with 808x 
microprocessor families 


500 kb/s 


DIP 

PLCC 

QFP 


40 
44 
52 


72067 


Floppy-Disk Controller 


CMOS; 765A/B microcode compatible; clock generation/ 
switching circuitry; selectable write precompensation; 
digital phase-locked loop 


500 kb/s 


DIP 
QFP 
PLCC 


48 
52 
52 


72068 


Floppy-Disk Controller 


All features of the 72067 plus 1 BM-PC, PC/XT, PC/AT. or 
PS/2 style registers; 24-ma high-current drivers 


500 kb/s 


QFP 
PLCC 


80 
84 


72069 


Floppy-Disk Controller 


All features of the 72067/68 with substitution of high- 
performance analog phase-locked loop for digital PLL 


IMb/s 


PLCC 
QFP 


84 
100 


Hard-Disk Controllers 


Device, 
^iPD 


Name 


Description 


Read/Write 
Cloci( 


#Pacl(age 


Pins 


7261A/B 


Hard-Disk Controller 


Supports eight drives in SMD mode, four drives in ST506 
mode; error correction and detection 


23 MHz 


Ceramic DIP 


40 


7262 


Enhanced Small-Disk 
Interface (ESDI) Controller 


Serial-mode ESDI compatible; controls up to seven drives; 
supports up to 80 heads; hard and soft-sector interfacing 


18 MHz 


Ceramic DIP 


40 


72061 


CMOS Hard-Disk 
Controller 


Supports SMD/SMD-E and ST506/41 2 type drives 


24 MHz 


DIP 
QFP 
PLCC 


40 
52 
52 


72111 


Small Computer System 
Interface (SCSI) Controller 


Selectable 8/16 data bus width; 16 high-level commands 
for reduced CPU load; single-command automatic 
execution; 5-Mb sync/async; CMOS 


16 MHz 


SDIP 
QFP 
PLCC 


64 
74 
68 



" Not included in 1989-90 IPD Data Book; refer to 72064 Data Sheet. 
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Digital Signal Processors 


Device, 
^iPD 


Description 


instruction 
Cycie (ns) 


instruction 
ROIUI (Bits) 


Data ROIUi 
(Bits) 


Data RAIM 
(Bits) 


#Pacl(age 


Pins 


7720A 


16-bit. fixed-point DSP; NMOS 


244 


512x23 


510x13 


128x16 


DIP 
PLCC 


28 
44 


77C20A 


16-bit, fixed-point DSP; CMOS 


244 


512x23 


510x13 


128x16 


DIP 

PLCC 

PLCC 


28 
28 

44 


77P20 


16-bit, fixed-point DSP; CMOS 


244 


512x23 
UVEPROM 


510x13 
UVEPROM 


128x16 


Cerdip 


28 


77C25 


16-bit, fixed-point DSP; CMOS 


122 


2048x24 


1024x16 


256x16 


DIP 

PLCC 

SOP 


28 
44 
32 



77P25 



16-bit, fixed-point DSP; CMOS 



122 



2048x24 
OTPROM 



1024x16 
OTPROM 



256x16 



DIP 
PLCC 



28 
44 









2048x24 
UVEPROM 




1024x16 
UVEPROM 


256x16 


Cerdip 


28 


77220 


24-bit, fixed-point DSP; CMOS 


122 


2048x32 




1024x24 


512x24 


Ceramic PGA 
PLCC 


68 
68 


77P220R 


24-bit, fixed-point DSP; CMOS 


122 


2048x32 
UVEPROM 




1024x24 
UVEPROM 


512x24 


Ceramic PGA 


68 


77230AR 


32-bit, floating-point DSP; CMOS 


150 


2048x32 




1024x32 


1024x32 


Ceramic PGA 


68 


77230AR-003 


32-bit, floating-point DSP; CMOS; 
standard library software 


150 


n/a 




n/a 


n/a 


Ceramic PGA 


68 


77P230R 


32-bit, floating-point DSP; CMOS 


150 


2048x32 
UVEPROM 




1024x32 
UVEPROM 


1024x32 


Ceramic PGA 


68 


77810 


16-bit fixed-point modem DSP; CMOS 


181 


2048x24 




1024x16 


256x16 


Ceramic PGA 
PLCC 


68 
68 


7281 


Image pipelined processor; NMOS 


5-MHz clock 


n/a 




n/a 


512x18 


Ceramic DIP 


40 


72181 


Image pipelined processor; CMOS 


10-MHz clock 


n/a 




n/a 


512x18 


DIP 
QFP 


40 
68 


9305 


Support device for |jPD7281 
processors; CMOS 


10-MHz 
clock 


n/a 




n/a 


n/a 


Ceramic PGA 


132 


Speech Processors 


Device, 
^iPD 


Name 


Teclinoiogy 


Ciocic 
(MHz) 




Data ROM 
(Bits) 


• Pacl<age 


Pins 


7730 


ADPCM Speech Encoder/Decoder 


NMOS 




8 




_ 


DIP 


28 


77C30 


ADPCM Speech Encoder/Decoder 


NMOS 




8 




- 


DIP 
PLCC 


28 
44 


7755 


ADPCM Speech Synthesizer 


CMOS 




0.7 




96K 


DIP 
SOP 


18 
24 


7756 


ADPCM Speech Synthesizer 


CMOS 




0.7 




256K 


DIP 
SOP 


18 
24 


77P56 


ADPCM Speech Synthesizer 


CMOS 




0.7 




256K 
OTPROM 


DIP 
SOP 


20 
24 


7757 


ADPCM Speech Synthesizer 


CMOS 




0.7 




512K 


DIP 
SOP 


18 
24 


7759 


ADPCM Speech Synthesizer 


CMOS 




0.7 




1024K 
external 


DIP 
QFP 


40 
52 



# Plastic unless ceramic (or cerdip) is specified. 
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Part 

Number 

(Note1) 


Full 
Emulator 


Full 

Emulator 

Probe 


MInl-IE 
Emulator 


MInl-IE 
Probe 


Evaluation 
Boards 


EPROM/OTP 
Device 


Relocatable 
Assembler 
(Note 13) 


C Compiler 
(Note 14) 


HPD70136GJ-12 


IE-70136-A016 


EP-70136L-A 
(Note 2) 


iE-70136-PC 


EP-70136L-PC 
(Note 2) 


DDK-70136 


- 


RA70136 


CC70136 


MPD70136GJ-16 


IE-70136-A016 


EP-70136L-A 
(Note 2) 


IE-70136-PC 


EP-70136L-PC 
(Note 2) 


DDK-70136 


- 


RA70136 


0070136 


HPD70136L-16 


IE-70136-A016 


EP-70136L-A 


IE-70136-PC 


EP-70136L-PC 


DDK-70136 


- 


RA70136 


CC70136 


HPD70136L-12 


IE-70136-A016 


EP-70136L-A 


IE-70136-PC 


EP-70136L-PC 


DDK-70136 


- 


RA70136 


CC70136 


I^D70136R-12 


IE-70136-A016 


EP-70136L-A 
(Note 3) 


IE-70136-PC 


EP-70136L-PC 
(Note 3) 


DDK-70136 


- 


RA70136 


CC70136 


HPD70136R-16 


IE-70136-A016 


EP-70136L-A 
(Note 3) 


IE-70136-PC 


EP-70136L-PC 
(Note 3) 


DDK-70136 


- 


RA70136 


0070136 


|J'D70208GF-8 


IE-70208-A010 


(Note 12) 


EB-V40MINi-IE 


- 


EB-70208 


- 


RA70116 


CC70116 


HPD70208GF-10 


IE-70208-A010 


(Note 12) 


EB-V40MINI-IE 


- 


EB-70208 


- 


RA70116 


CC70116 


|i>D70208L-8 


IE-70208-A010 


IE-70000-2958 


EB-V40MINI-IE 


ADAPT68PGA 
68PLGG(Note4) 


EB-70208 


- 


RA70116 


CC70116 


HPD70208L-10 


IE-70208-A010 


IE-70000-2958 


EB-V40MiNI-IE 


ADAPT68PGA 
68PLCC(Note4) 


EB-70208 


- 


RA70116 


CC70116 


^PD70208R-8 


IE-70208-A010 


IE-70000-2959 


EB-V40MINI-iE 


(Note 4) 


EB-70208 


- 


RA70116 


CC70116 


|xPD70208R-10 


IE-70208-A010 


IE-70000-2959 


EB-V40MINI-IE 


(Note 4) 


EB-70208 


- 


RA70116 


CC70116 


|iPD70216GF-8 


IE-70216-A010 


(Note 12) 


EB-V50MiNI-IE 


- 


EB70216 


- 


RA70116 


CC70116 


^PD70216GF-10 


IE-70216-A010 


(Note 12) 


EB-V50MiNI-IE 


- 


EB70216 


- 


RA70116 


CC70116 


>iPD70216L-8 


IE-70216-A010 


IE-70000-2958 


EB-V50M1NI-IE 


ADAPT68PGA 
68PLCC(Note4) 


EB70216 


- 


RA70116 


CC70116 


HPD70216L-10 


IE-70216-A010 


IE-70000-2958 


EB-V50MINME 


ADAPT68PGA 
68PLCC(Note4) 


EB70216 


- 


RA70116 


CC70116 


|nPD70216R-8 


IE-70216-A010 


IE-70000-2959 


EB-V50MINI-IE 


(Note 4) 


EB70216 


- 


RA70116 


CC70116 


IiPD70216R-10 


IE-70216-A010 


IE-70000-2959 


EB-V50MINI-IE 


(Note 4) 


EB70216 


- 


RA70116 


CC70116 


^PD70320GJ 


IE-70320-A008 


EP-70320GJ 
(Note 5) 


EB-V25MiNI-IE-P 


EP-70320GJ 
(Note 6) 


DDK-70320 


- 


RA70320 


CC70116 


^PD70320GJ-8 


IE-70320-A008 


EP-70320GJ 
(Note 5) 


EB-V25MINI-IE-P 


EP-70320GJ 
(Note 6) 


DDK-70320 


- 


RA70320 


CC70116 


|LiPD70320L 


IE-70320-A008 


EP-70320L 


EB-V25MiNI-IE-P 


(Note 7) 


DDK-70320 




RA70320 


CG70116 


^PD70320L-8 


IE-70320-A008 


EP-70320L 


EB-V25MiNI-IE-P 


(Note 7) 


DDK-70320 


- 


RA70320 


CC70116 


HPD70322GJ 


IE-70320-A008 


EP-70320GJ 
(Note 5) 


EB-V25MINME-P 


EP-70320GJ 
(Notes) 


DDK-70320 


- 


RA70320 


CC70116 


^PD70322GJ-8 


IE-70320-A008 


EP-70320GJ 
(Note 5) 


EB-V25MINI-IE-P 


EP-70320GJ 
(Note 6) 


DDK-70320 


- 


RA70320 


CC70116 


^PD70322L 


IE-70320-A008 


EP-70320L 


EB-V25MIN|.|E-P 


(Note 7) 


DDK-70320 


70P322K 
(Note 10) 


RA70320 


CC70116 


|iPD70322L-8 


IE-70320-A008 


EP-70320L 


EB-V25MINI-IE-P 


(Note 7) 


DDK-70320 


70P322K 
(Note 10) 


RA70320 


CC70116 


^PD70325GJ-8 


IE-70325-A008 


EP-70320GJ 
(Note 5) 


(Note 12) 


(Note 12) 


DDK-70325 


- 


RA70320 


CC70116 


jLiPD70325GJ-10 


IE-70325-A008 
(Note 8) 


EP-70320GJ 
(Note 5) 


(Note 12) 


(Note 12) 


DDK-70325 


- 


RA70320 


CG70116 


|iiPD70325L-8 


IE-70325-A008 


EP-70320L 


(Note 12) 


(Note 12) 


DDK-70325 


- 


RA70320 


CC70116 


^PD70325L-10 


IE-70325-A008 
(Note 8) 


EP-70320L 


(Note 12) 


(Note 12) 


DDK-70325 


- 


RA70320 


CC70116 
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Part 

Number 

(Note1) 


Full 
Emulator 


Full 

Emulator 

Probe 


Mini-IE 
Emulator 


Mini-IE 
Probe 


Evaluation 
Boards 


EPROM/OTP 
Device 


Relocatable 
Assembler 
(Note 10) 


C Compiler 
(Note 11) 


^PD70327GJ-8 
(Note 9) 


IE-70320-A008 


EP-7032QGJ 
(Notes) 


EB-V2SMINI-IE-P 


EP-70320GJ 
(Note 6) 


- 


- 


RA70320 


GC70116 


HPD70327L-8 
(Note 9) 


IE-70230-A008 


EP-70320L 


EB-V2SMINI-IE-P 


(Note 7) 


- 


- 


RA70320 


0070116 


IAPP70330GJ-8 


IE-70330-A008 


EP-70320GJ 
(Note 5) 


EB-V3SMINI-IE-P 


EP-70320GJ 
(Note 6) 


DDK-70330 


- 


RA70320 


C070116 


HPD70330L-8 


IE-70330-A008 


EP-70320L 


EB-V35MINI-IE-P 


(Note 7) 


DDK-70330 


- 


RA70320 


CC70116 


^PD70332GJ-8 


IE-70330-A008 


EP-70320GJ 
(Notes) 


EB-V35MINI-IE-P 


EP-70320GJ 
(Note 6) 


DDK-70330 


- 


RA70320 


0070116 


|xPD70332L-8 


IE-70330-A008 


EP-70320L 


EB-V35MINI-IE-P 


(Note 7) 


DDK-70330 


70P322K 
(Note 10) 


RA70320 


0070116 


^PD70335GJ-8 


IE-70335-A008 


EP-70320GJ 
(Note S) 


(Note 12) 


(Note 12) 


DDK-70330 


- 


RA70320 


CC70116 


HPD70335GJ-10 


IE-70335-A008 
(Note 8) 


EP-70320GJ 
(Note S) 


(Note 12) 


(Note 12) 


DDK-70330 


- 


RA70320 


0070116 


^PD70335L-8 


IE-70335-A008 


EP-70320L 


(Note12) 


(Note 12) 


DOK-70330 


- 


RA70320 


0070116 


|xPD70335L-10 


IE-70335-A008 
(Note 8) 


EP-70320L 


(Note 12) 


(Note 12) 


DDK-70330 


- 


RA70320 


0070116 


fiPD70337GJ-8 
(Note 9) 


IE-70330-A008 


EP-70320GJ 
(Note S) 


EB-V35M1NI-IE-P 


EP-70320GJ 
(Note 6) 


- 


- 


RA70320 


0070116 


|xPD70337L-8 
(Note 9) 


IE-70330-A008 


EP-70320L 


EB-V35MINI-IE-P 


(Note 7) 


- 


- 


RA70320 


0070116 


HPD79011GJ-8 
(Note 11) 


IE-70320-A008 


EP-70320GJ 
(Notes) 


(Note 12) 


(Note 12) 


- 


- 


RA70320 


0070116 


^PD79011L-8 
(Note 11) 


+IE-70320-RTOS 


EP-70320L 


(Note 12) 


(Note 12) 


- 


- 


RA70320 


0070116 


^PD79021L-8 
(Note 11) 


IE-70330-A008 
+IE-70330-RTOS 


EP-70320L 


(Note 12) 


(Note 12) 


- 


- 


RA70320 


0070116 



Notes: 

(1) Packages: 
Paci(age 
GF 
GJ 
K 
L 
R 



Description 

80-pin plastic QFP 
74-pin or 94-pin plastic QFP 
84-pin ceramic LCC with window 
68-pin or 84-pin plastic LCC 
68-pin PGA 



(2) The EP-70136GL-A and EP-70136L-PC contain both a 68-pin 
PLCC probe and an adapter Which converts the 68-pin PLCC 
probes to a 74-pln QFP footprint. 

(3) 68-pin PGA parts are supported by using the EP-70136L-A 
PLCC probe or EP-70136L-PC PLCC probe, plus a PLCC 
socket with a PGA-pinout. A PLCC socket of this type is 
supplied with the EP-70136L-A. 

(4) The EB-V40 MINI-IE and EB-V50 MINI-IE support PGA 
packages directly; the ADAPT68PGA68PLCC adapter 
converts the PGA-pinout on the MINI-IE to a PLCC footprint. 
This adapter is supplied with the MINI-IE. 



(5) The EP-70320GJ is an adapter to the EP-70320L, which converts 
84-pin PLCC probes to a 94-pin QFP footprint. For GJ parts, 
both the PLCC probe and the adapter are needed. 

(6) The EP-70320GJ adapter can be used to convert the supplied 
84-pin PLCC cable of the EB-V25 MINI-IE-P or EB-V35 MINI-IE-P 
to a 94-pin QFP. 

(7) The EB-V25 MINI-IE-P and EB-V35 MINI-IE-P are supplied with an 
84-pin PLCC cable. 

(8) At the current time, the emulators for the nPD70325 and ^PD70335 
are specified to 8 MHz. Contact your local NEC Sales Office for the 
latest information on 10 MHz emulation. 

(9) Development for the |iPD70327 or ^PD70337 can be done using 
the appropriate |iPD70320 or ^PD70330 tools; however, 
debugging the programs in the Software Guard mode is 

not supported at this time. 

(10) The ^PD70P322K EPROM device can be used for both |iPD70322 
and |LiPD70332 emulation. The |iPD70P322K EPROM device can 
be programmed by using the PA-70P322L Programming Adapter 
and the PG-1500 EPROM Programmer. 
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Notes (continued): 

(1 1 ) For emulation of ^PD7901 1 or nPD79021 , the base emulator 
(IE-70320 or IE-70330) plus Real-Time Operating System 
software IE-70320-RTOS or IE-70330-RTOS) is required. 

(12) This emulation option is not currently supported, but may be 
available in the future. Contact your local NEC Sales Office for 
further information. 

(13) The following relocatable assemblers are available: 



(14) The following C compilers are available: 



CC70116-D52 

CC70116-VVT1 

CC70116-VXT1 



ForV20A/30/ 
V40/V50 and 
V25/V35 



(MS-DOS) 
(VAXA/MS) 
(VAX/UNIX 4.2 BSD or 
Ultrix) 



RA70116-D52 

RA70116-VVT1 

RA70116-VXT1 



ForV20»A/30*/ 
V40™A/50™ 



(MS-DOS*) 
(VAXA/MS™) 
(VAX/UNIX™ 4.2 BSD or 
Ultrix™) 



CC701 36-D52 For V33 (MS-DOS) 

CC701 36-VVT1 (VAXA/MS) 

CC70136-VXT1 (VAX/UNIX 4.2 BSD or 

Ultrix) 



RA70136-D52 ForV33™ (MS-DOS) 

RA701 36-VVT1 (VAXA/MS) 

RA701 36-VXT1 (VAX/UNIX 4.2 BSD or 

Ultrix) 



RA70320-D52 ForV25™ 
RA70320-VVT1 and V35™ 
RA70320-VXT1 



(MS-DOS) 
(VAXA/MS) 

(VAX/UNIX 4.2 BSD or 
Ultrix) 



V20 and V30 are registered trademarks of NEC Corporation. 

V25, V33, V35, V40 and V50 are trademarks of NEC Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX, VMS and Ultrix are trademarks of Digital Equipment Corporation. 

UNIX is a trademark of AT&T Bell Laboratories. 
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DSP and Speech Development Tools 


Part Number 
(Note?) 


Emulator 


Evaluation 
Board 


Assembler 
(Note1) 


Simulator 
(Note 2) 


EPROM/OTP 
Device 


PG-1500 
Adapter 
(Notes) 


|xPD7720AC 


EVAKIT-7720B 


_ 


ASM77 


SIM77 


^PD77P20D 


(Note 5) 


MPD7720AL 


EVAKIT-7720B(Note4) 


- 


ASM77 


SIM77 


- 


- 


MPD77P20D 


EVAKIT-7720B 


- 


ASM77 


SIM77 


- 


- 


|xPD77C20AC 


EVAKIT-7720B 


- 


ASM77 


SIM77 


^PD77P20D 


(Note 5) 


MPD77C20AL 


EVAKIT-7720B(Note4) 


- 


ASM77 


SIM77 


- 


- 


^PD77C20ALK 


EVAKIT-7720B(Note4) 


- 


ASM77 


SIM77 


- 


- 


MPD77220L 


EVAKIT-77220 


- 


RA77230 


SM77230 


- 


- 


MPD77220R 


EVAKIT-77220 


- 


RA77230 


SM77230 


MPD77P220R 


PA-77P230R 


MPD77P220R 


EVAKIT-77220 


- 


RA77230 


SM77230 


- 


PA-77P230R 


|iPD77230AR 


EVAKIT-77230 


DDK-77230 


RA77230 


SM77230 


HPD77P230R 


PA-77P230R 


HPD77P230R 


EVAKIT-77230 


DDK-77230 


RA77230 


SM77230 


- 


PA-77P230R 


HPD77C25C 


EVAKIT-77C25 


- 


RA77G25 


- 


|iPD77P25C/D 


PA-77P25C 


HPD77C25L 


EVAKIT-77C25(Note4) 


- 


RA77C25 


- 


HPD77P25L 


- 


MPD77P25C 


EVAKIT-77C25 


- 


RA77C25 


- 


- 


PA-77P25C 


|iPD77P25D 


EVAKIT-77C25 


- 


RA77C25 


- 


- ■ 


PA-77P25C 


|aPD77P25L 


EVAKIT-77G25(Note4) 


- 


RA77C25 


- 


- 


- 


MPD7755C 


NV-300 System 


EB-7759 


- 


- 


^iPD77P56CR 


PA-77P56C 


|^D7755G 


NV-300 System 


EB-7759(Note6) 


_ 


- 


HPD77P56G 


PA-77P56C 


|iPD7756C 


NV-300 System 


EB-7759 


_ 


- 


MPD77P56CR 


PA-77P56C 


fiPD7756G 


NV-300 System 


EB-7759 (Note 6) 


- 


- 


^PD77P56G 


PA-77P56C 


|LiPD77P56CR 


NV-300 System 


EB-7759 


- 


- 


- 


PA-77P56C 


HPD77P56G 


NV-300 System 


EB-7759 (Note 6) 


- 


- 


- 


PA-77P56C 


MPD7757C 


NV-300 System 


EB-7759 


- 


- 


_ 


- 


|LiPD7757G 


NV-300 System 


EB-7750(Note6) 


- 


- 


- 


- 


|iPD7759C 


NV-300 System 


EB-7759 


- 


- 


- 


- 


|iPD77596C 


NV-300 System 


EB-7759 


- 


- 


- 


- 


^PD77810L 


IE-77810 


- 


RA77810 


- 


- 


- 


MPD77810R 


IE-77810 


- 


RA77810 


- 


- 


- 



Notes: 

(1 ) The following assemblers are available: 
Part Number Description 

ASM77-D52 Assembler for 7720 (MS-DOS*) 

RA77C25-D52 Assembler for 77C25 (MS-DOS) 
RA77C25-VVT1 Assembler for 77C25 (VAXA/MS™) 
RA77230-D52 Assembler for 77230 (MS-DOS) 

RA77230-VVT1 Assembler for 77230 (VAXA/MS) 
RA77230-VXT1 Assembler for 77230 (VAX/UNIX™ 4.2 
BSD or Ultrix™) 

(2) The following simulators are available: 
Part Number Description 

SIM77-D52 Simulator for 7720 (MS-DOS) 

SM77230-VVT1 Simulator for 77230 (VAX/UNIX) 
SM77230-VXT1 Simulator for 77230 (VAX/UNIX™ 4.2 
BSD or Ultrix) 



(3) By using the specified adapter, the NEC PG-1500 EPROM 
programmer can be used to program the EPROM/OTP device. 

(4) Please check with your NEC Sales Representative on the 
availability of a PLCC emulation probe. 

(5) The ^PD77P20D can be programmed using the EVAKIT-7720B. 

(6) The EB-7759 comes with an emulation probe for only the 1 8-pin 
DIP. 

(7) Packages: 

Paclcage 

C 

D 

G 

GC 

L 

LK 
R 



Description 

18, 28, or 40-pin plastic DIP 
28-pin ceramic DIP 
24-pin plastic SOP 
52-pin plastic QFP 
44-or 68-pin PLCC 
28-pin PLCC 
68-pin ceramic PGA 



MS-DOS is a registered trademark of Microsoft Corporation. 

VAX, VMS, and Ultrix are trademarks of Digital Equipment Corporation. 

UNIX is a trademark of AT&T Bell Laboratories. 
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Figure 3. Electrical Testing and Screening 
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Figure 5. Typical Reliability Test Results 
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Introduction 

As large-scale integration reaches a higher level of den- 
sity, the reliability of individual devices imposes a more 
profound impact on system reliability. Great emphasis has 
thus been placed on assuring device reliability. 

Conventionally, performing reliability tests and attaining 
feedback from the field are the only methods by which 
reliability has been monitored and measured. At these 
higher levels of LSI density, however, it is Increasingly 
difficult to activate all of the internal circuit elements in a 
device, moreover, to detect the degradation of those 
elements by measuring characteristics across external 
terminals. As a result, testing alone may not provide 
enough information to insure today's demanding reliability 
requirements. A different philosophy and methodology is 
needed for reliability assurance. 

In orderto guarantee and Improve a high level of reliability 
for large-scale integrated circuits, it is essential to build 
quality and reliability into the product. Then, conventional 
testing can be performed to confirm that the product 
demonstrates acceptable reliability. 

Built-in Quality and Reliability 

NEC has introduced the concept of total quality control 
(TQC) across its entire semiconductor product line for 
implementing this philosophy. Rather than performing 
only a few simple quality inspections, quality control is 
distributed into each process step and then summed to 
form a consolidated system. TQC Involves workers, engi- 
neers, quality control staffs, and all levels of manage- 
ment in company-wide activities. Please see Figure 1 for 
thequality control system flowchart. Through TQC, NEC 
builds quality into the product and thus can assure high 
reliability. Additionally, NEC has introduced a pre-screening 
method into the production line for eliminating potentially 
defective units. This combination of building quality in and 
screening projected early failures out has resulted in 
superior quality and excellent reliability. 

Technology Description 

Most large-scale integrated circuits utilize high density 
UOS technology. State-of-the-art high performance has 
been achieved by improving fine-line generation tech- 
niques. By reducing physical parameters, circuit density 
and performance increase while active circuit power dissi- 
pation decreases. The data presented here shows thatthls 
advanced technology, combined with the practice of TQC, 
yields products as reliable as those from previous tech- 
nologies. 



Approaches to Total Quality Control 

TQC activities are geared towards total satisfaction of the 
customer. The success of these activities is dependent 
upon the total commitment of management to enhancing 
employee developfnent, maintaining a customer-first atti- 
tude, and fulfilling community responsibilities. 

First, the quality control function Is embedded into each 
process. This method enables early detection of possible 
causes of failure and immediate feedback. 

Second, the reliability afidquality assurance policy reflects 
the beliefs and practices of the entire organization. This 
enables companywide quality control activities: at NEC, 
everyone is involved with the concept and methodology of 
total quality control. 

Third,thereisanongoing research anddevelopment effort 
to set even higherstandards of device quality and reliability. 

Fourth, extensive failure analysis is performed periodically 
and appropriate corrective actions are taken as preventa- 
tive measures. Process control is based on statistical data 
gathered from this analysis. 

The new standard is continuously upgraded, and the 
iterative process continues. The goal Is to maintain the 
superior product quality and reliability that has become 
synonymous with the NEC name. 

Zero Defect Activities. One of the activities that involves 
every level of the NEC staff In quality control is the Zero 
Defects (ZD) Program. As the name implies, the purpose 
of the ZD program is to minimize, if not eradicate, defects 
due to controllable causes. Such activities must involve 
each and every worker and can be most effective when 
pursued by groups of workers. The groups of workers are 
organized by consideration of the following: 

• A group must have a target to pursue 

• Several groups can be organized to pursue the com- 
mon target 

• Each group must have a responsible person 

• Each group is well supported 

The Item of the group target is to be selected among items 
relating to specifications, inspections, operation standards, 
and so forth. When data made in the past Is available, it Is 
used to make a Pareto diagram which Is reviewed for 
selectionoftheitemmostconducivetoqualltyimprovement. 
Records are analyzed and compared with the target, in 
orderto compute the numerical equivalents of the defects. 
Action Is then taken to control these defects as required. 
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Figure 1. Quality Control System Flowctiart 
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statistical Approach. Another approach to quality controf 
is the use of statistical analysis. NEC has been utilising 
statistical analysis at each stage of LSI production devel- 
opment, trial runs, and mass production in order to build 
and maintain product quality. Some of the methods for 
implementing this statistical approach are: 

• Design of experiments 

• Control charts 

• Data analysis: Variance, correlation, regression, 

multlvariance, etc. 

• Cp, Cpk study: Variables and attributes data 

(Normally, study is done on a 
monthly basis) 

Process control sheets and other QC tools are used to 
monitor various important parameters such as Cp, Cpk, X, 
X, X-R, electrical parameters, pattern dimensions, bond 
strength, test percentage defects, etc. 

The results of these studies are watched by the production 
staff, QC Engineers, and other responsible engineers. If 
any out-of-control or out-of-specification limit is observed, 
quick action Is taken in accordance with corrective action 
procedures. 

Implementation of Quality Control 

Building quality into a product requires early detection of 
possible causes of failure at each process step, then 
immediate feedback to remove these causes. A fixed 
station quality inspection is often lacking In immediate 
feedback; it is therefore necessary to distribute quality 
control functions to each process step— including the 
conceptual stage. Following is a breakdown of the signifi- 
cant steps at which NEC has implemented these func- 
tions: 

• Product development 

• Incoming material inspection 

• Wafer processing 

• Chip mounting and packaging 

• Electrical testing and thermal aging 

• Outgoing material inspection 

• Reliability testing 

• Process/product changes 

New Product Deveiopment Phase. The product devel- 
opment phase includes conception of a product, review of 
the device proposal, physical element design and organi- 
zation, engineering evaluation, and finally, transfer of the 
product to manufacturing. Quality and reliability are con- 
sidered at every step. The new product development flow 
is shown in Figure 2. 



Figure 2. New Product Development Flow 
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Design. Design plays an extremely important role in 
determining the product quality and reliability. NEC be- 
lieves that the foundation of device quality is determined at 
the design stage. The four steps involved in the design of 
LSI devices are circuit design, mask pattern layout, proc- 
ess and product manufacturing, and package design. 
Design standards and the standardization of design steps 
have been established to maximize quality and reliability. 

Design Review. After completion of the design, a design 
review is performed. In this review, the design is compared 
with design standards and other factors which influence 
the reliability and quality. If necessary, modification or 
redesign is then performed. NEC believes that the design 
review is very essential for not only newly designed prod- 
ucts but also for product modifications. 

Trial Production/Evaluation/Mass Production. When 
the design passes the design review successfully, a trial 
run is carried out. The trial run is evaluated for the products' 
characteristics and quality/reliability. 

Thorough evaluation Is carried out by generating samples 
in which process conditions— ones that cause character- 
istic factors to change in mass production— are varied 
deliberately. In addition, reliability tiests are conducted for 
durability, stress resistance, etc., to insure sufficient qual- 
ity and reliability. 

If no problems are found at this stage, the product Is 
approved, after which mass production is possible. 

Prior to the transfer, the production Design Department 
prepares a production schedule. Including the reliability 
and quality control steps relating to the production. Even 
after the mass-production has started, the standards for 
those production and control steps are always reexamined 
for improvements. 

Incoming Material Inspection. NEC has various pro- 
grams to control incoming materials. Some are: 

• Vendor/material qualification system 

• Purchasing specifications for materials 

• Incoming materials inspection 

• Inspection data feedback 

• Quality meetings with vendor 

• Vendor audits 

If any parts or materials are rejected at incoming inspec- 
tion, they are returned to the vendor with a rejection 
notification form which specifies the failure items and 



modes. The results of these inspections are used to rate 
the vendors for future purchasing. 

In-process Quality Inspections. Typical in-process 
quality Inspections done at the wafer fabrication, chip 
mounting and packaging, and device testing stage are 
listed In Appendix 1 . 

Electrical Testing and Screening. A flowchart of the 
typical infant mortality screening (when required) and 
electrical testing is depicted in Figure 3. 

At the first electrical test, DC parameters are tested ac- 
cording to the electrical specifications on 1 00% of each lot. 
This is a prescreening prior to any infant mortality test. At 
the second electrical test, AC functional tests as well as DC 
parameter tests are performed on 1 00% of each lot. If the 
percentage of defective units exceeds the limit, the lot is 
subjected to rescreen. During this time, the defective units 
undergo failure analysis, the results of which are fed back 
into the process through corrective actions. 

Figures. Electrical Testing and Screening 
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Outgoing Inspection. Prior to warehouse storage, lots 
are subjected to an outgoing inspection according to the 
following sampling plan. 



Figure 4. ReUablllty Life (Bathtub) Curve 



Electrical test: 



Appearance: 
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Functional test LTPD 3% 
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Reliability Assurance Tests. Samples are continually 
taken prior to shipment and subjected to monitoring relia- 
bility tests. They are taken from similar process groups, so 
it may be assumed that the samples' reliability is represen- 
tative of the reliability of the group. 

Reliability Testing 

Reliability Is defined as the characteristics of an item 
expressed by the probability that it will perform a required 
function under stated conditions for a stated period of time. 
This Involves the concepts of probability, the definition of 
required function(s), and the critical time used In defining 
the reliability. 

Definition of a required function, by Implication, treats the 
definition of a failure. Failure is defined as the termination 
of the ability of a device to perform its required function. A 
device Is said to have failed If it shows the inability to 
perform within guaranteed parameters as given In an 
electrical specification. 

Discussion of reliability and failure can be approached in 
two ways: with respect to systems or to Individual devices. 
Important considerations are the constant failure period, 
the early failure (infant mortality) period, and overall relia- 
bility level. 

With regard to Individual devices, areas of prime interest 
include specific failure mechanisms, failures in acceler- 
ated tests, and failures in screening tests. 

The accumulation of normal devicefailureratesconstitutes 
the expected failure rate of the system hardware: the 
probability that no device failures will occur In a system Is 
the product of each device's probability that it will not fail. 
The failure rate of system hardware Is then the sum of the 
failure rates of the components used to construct the 
system. 

Life Distribution 

The fundarnental principles of reliability engineering pre- 
dict that the failure rate of a group of devices will follow the 
well-known bathtub curve In Figure 4. The curve Is divided 
into three regions: Infant mortality, random failures, and 
wearout failures. 
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Infant mortality, as the name implies, represents the early- 
life failures of devices. These failures are usually associ- 
ated with one or more manufacturing defects. 

After some period of time, the failure rate reaches a low 
value. This Is the random failure portion of the cun/e, 
representing the useful portion of the life of a device. 
During this random failure period, there Is a decline In the 
failure rate due to the depletion of potential randomfallures 
from the general population. 

The wearout failures occur at the endof the device's useful 
life. They are characterized by a rapidly rising failure rate 
over time as devices wear out both physically and electri- 
cally. 

Thus, for a device that has a very long life expectancy 
compared to the system which contains It, the areas of 
concern will be the infant mortality and the random failure 
portions of the bathtub curve. 

Failure Distribution at NEC 

In an effort to eliminate infant mortality failures, NEC 
subjects Its products to production burn-in whenever nec- 
essary. This burn-In Is perforrned at an elevated tempera- 
ture for 1 00 percent of the lots involved and Is designed to 
remove the potentially defective units. 

To study the random failure population. Integrated circuits 
returned to NEC from the field undergo extensive failure 
analysis at respective NEC Manufacturing Divisions. Fail- 
ure mechanisms are identified and data fed back to cogni- 
zant Production and Engineering groups. 

This data coupled with In-line data Is then used to introduce 
corrective actions and quality Improvement measures. 
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After elimination of early device failures, a system will be 
left to the random failure rate of its components. Thus, In 
order to make proper projections of the failure rate of the 
system In the operating environment, failure rates must be 
predicted for the system's components. 

Infant Mortality Failure Screening 

Establishing infant mortality screening requires knowl- 
edge of the likely failure mechanisms and their associated 
activation energies. The most likely problems associated 
with infant mortality failures are generally malnufacturing 
defects and process anomalies. These defectsand anoma- 
lies generally consist of contamination, cracked chips, 
wire bond shorts, or bad wire bonds. Since these describe 
a number of possible mechanisms, any one of which might 
predominate at a given time, the activation energy for 
infant mortality varies considerably. 

Correspondingly, the effectiveness of a screening condi- 
tion—preferably at some stress level in order to shorten 
the screening time— varies greatly with the failure mecha- 
nism. For example, failures due to ionic contamination 
have an activation energy of approximately 1 .0 eV. There- 
fore, a 15-hour stress at 1 25X junctiontemperature would 
be the equivalent of approximately 314 days of operation 
at a Junction temperature of 55X. On the other hand, 
failures due to oxide defects have an activation energy of 
approximately 0.3 eV, and a 15-hour stress at 125''C 
junction temperature would be the equivalent of approxi- 
mately four day's operation at 55^C junction temperature. 
As indicated by this situation, the conditions and duration 
of Infant mortality screening must be strongly dependent 
on the allowable component, hence system, failures In the 
field, as well as the economic factors Involved. 

Empirical data gathered at NEC indicates that early fail- 
ures (If any) occur after less than 4 hours of stress at 1 25**C 
ambient temperature. This fact is supported by the bathtub 
curve created from the life test results of the same lots, 
where the failure rate shows a random distribution as op- 
posed to a decreasing failure rate that runs I nto the random 
failure region. 

Whenever necessary, NEC has adopted this initial infant 
mortality burn-in at 1 25**C as a standard production screen- 
ing procedure. As a result, the field reliability of NEC 
devices is an order of magnitude higher than the goal set 
for NEC's integrated circuit products. 

NEC believesit is Imperative thatf allure modes associated 
with Infant mortality screens be understood and! ixed at the 
manufacturing level. If such failures can be minimized or 
eliminated, and countermeasures appropriately monitored, 
then such screens can be eliminated. 



Long-Term Failure Rate 

NEC's long-term failure rate goal, based on the mask and 
process design, is confirmed by life testing using the 
following conditions: 

• A minimum of 1 .2 million device hours (= sample size x 
test period) at 125*^0 should be accumulated to obtain 
the accuracy necessary for predicting a failure rate of 
0.02% per 1000 hours at 55°C with a 60% confidence 
level. 

• A minimum of 3 million device hours at 125X should be 
accumulated to obtain the accuracy necessary for 
predicting afailure rate of 0.01%per 1000 hours at 55°C 
with a 60% confidence level. 

Accelerated Reliability Testing 

NEC performs extensive reliability testing both at pre- 
production and post-production levels to insure that Its 
products meet the minimum expectations set by NEC. 
Accelerated reliability testing results are then used to 
quantitatively monitor the reliability. 

As an example, assume that an electronic system contains 
1 000 integrated circuits and can tolerate 1 percent system 
failures per month. The failure rate per component is: 

1% Failures = .0014 % Failures 



720 Hours X 1000 Pes. 



1000 Hrs 
or 14 FITS 



To demonstrate this failure rate, note that 14 FITs corre- 
spond to one failure in about 85 devices during an operat- 
ing test of 10,000 hours. It is quickly apparent that a test 
condition is required to accelerate the time-to-failure in a 
predictable and understandable way. The implicit require- 
ment for the accelerated stress test is that the relationship 
between the accelerated stress testing condition and the 
condition of actual use be known. 

A most common time-to-failure relationship involves the 
effect of temperature, which accelerates many physio- 
chemical reactions which may lead to device failure. Other 
environmental conditions are voltage, current, humidity, 
vibration, or some combination of these. Appendix 2 lists 
typical reliability assurance tests performed at NEC for 
molded integrated circuits. Figure 5 shows the results of 
some of these tests for various process types. 

High-Temperature Operating Life Test. This test is used 
to accelerate failure mechanisms by operating devices at 
an elevated temperature of 125*^0. The data obtained is 
translated to a lower temperature by using the Arrhenlus 
relationship. 
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Figures. Typical Reliability Test Results 
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High-Temperature and High-Humidity Test. Semicon- 
ductor integrated circuits are highly sensitive to the effect 
of humidity causing electrolytic corrosion between biased 
lines. The high-temperature and high-humidity test is per- 
formed to detect failure mechanisms that are accelerated 
by these conditions, such as leakage-related problems 
and drifts in device parameters due to process instability. 

High-Temperature Storage Test. Another common test 
is the high-temperature storage test, in which devices are 
subjected to elevated temperatures with no applied bias. 
This test is used to detect process instability and stress 
migration problems. 

Environmentai Tests. Other environmental tests are per- 
formed to detect problems related to the package, mate- 
rial, susceptibility to extremes In environment, and prob- 
lems related to usage of the devices. 

Failure Rate Calculation/Prediction 

When predicting the failure rate at a certain temperature 
from accelerated life test data, the activation energies of 
the failure mechanisms involved should be considered. 
This is done whenever the exact cause of failures is known 
through failure analyses results. 



Because the thermal resistance and power dissipation of 
a particular device type cannot be ignored, junction 
temperatures (Tj^ and Tjg) are used instead of ambient 
temperatures (T^^ and 1^^. We calculate junction 
temperatures using the following formula: 

Tj = T^ + (Thermal Resistance) (Power Diss, at TJ 

In order to estimate long term failure rate, the acceleration 
factor must be used to determine the simulated test time. 
From the high temperature operating life test results, 
failure rates can then be predicted at a 60% confidence 
level using the following equation: 





^" 2T 


Where 




L = 


Failure rate in %/1000 hours 



*X2 = The tabular value of chi-squared distribution at a 
given confidence level and calculated degrees of 
freedom (2f + 2, where f = number of failures) 

T = # of equivalent device hours 
= (# of devices) x (# of test hours) 
X (acceleration factor) 
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*Since the failures Of concern here are the random, not the 
infant nriorlality failures (that is, the end of the downward 
slope andthe middle-constant-section of the bathtubcun/e 
in Figure 4), X^ is determined assuming a one-sided, fixed 
time test. 

Another method of expressing failures is in FITs (failures 
in time). One FITis equal to one failure in 10^ hours. Since 
L is already expressed as %/1000 hours (lO-^failure/hr), 
an easy conversion from %/1 000 hours to FIT would be to 
multiply the value of L by 10^. 

EXAMPLE: A sample of 960 pieces was subjected to 
1000 hours 125X burn-in. One reject was observed. 
Given that the acceleration factor was calculated to be 
34.6 using the Arrhenlus equation, what is the failure rate 
normalized to SS'^C using a confidence level of 60%? 
Express the failure rate in FIT: 

Solution: 

For n = 2f + 2 = 2(1) + 2 = 4, X2 = 4.046. 

Then L = ^^^^^ (%/1 000 hour) 
2T ' 

X^IO^ (%/1000hr) 

2 (# of dev.) (# of test hrs.) (accl. factor) 

(4.046) 10^ 
= o/Lm..^o^x/o.^v = 0-0061 (%/1000 hr) 
2(960) (1000) (34.6) 

Therefore, FIT = 0.0061 • (10*) = 61 



Product/Process Changes 

As mentioned previously, a design review is performed for 
product modifications or changes. Once the design is 
approved, and processes altered (if necessary) for maxi- 
mum quality, the device goes through qualification testing 
to check the reliability. If the test results are acceptable, 
the product is released for mass production. 

Testing is also performed when only a process modifica- 
tion or change is made. 

The typical qualification/process change tests are listed in 
Appendix 3. 

Failure Analysis 

At NEC, failure analysis Is performed not only on field fail- 
ures, but also routinely on products which exhibit defects 
during the production process. This data is closely checked 
for correlation with the production process quality informa- 
tion, inspection results, and reliability test data. Informa- 
tion derived from these failure analyses is used to improve 
product quality. 

As there are a lot of failure mechanisms of LSI devices, 
highly advanced analytical technologies are required to 
investigate such failures in detail. The standard failure 
analysis flowchart relating to the returned products from 
customers is shown in Appendix 4. 

NEC's Goals on Failure Rates 

The reject rate at customer's incoming inspection, the 
infant mortality rate, and the long term reliability, are all 
monitored and checked against NEC's quality and reliability 
targets (listed in Figure 6). 



Figures. NEC Quality and ReUablllty Targets 
























Year 


Reject Rate at Customer's 
Incoming Electrical Inspection (PPM) 


Long Term Reliability (FTT) 


Infant Mortality (RT) 


Memory 


mcom 


Gate Arrays 


Memory 


jiCOM 




Memory 


fiCOM 


Gate Arrays 


ECLRAM 


MOS 


BiCMbS 


ECL 


CMOS 


ECLRAM 


MOS 


BiCMOS 


ECL 


CMOS 


ECLRAM 


MOS 


BiCMOS 


ECL 


CMOS 


1988 


150 


50 


100 


1000 


300 


300 


100 


50 


100 


1000 


300 


150 


100 


100 


150 


1000 


300 


400 


1990 


100 


50 


100 


500 


200 


150 


80 


50 


80 


500 


250 


100 


80 


100. 


150 


500 


250 


300 
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Summary and Conclusion 

As has been discussed, building quality and reliability into 
products is the most efficient way to ensure product 
success. NEC's approach of distributing quality control 
functions to process steps, then forming a total quality 
control system, has produced superior quality and excel- 
lent reliability. 

Prescreening, whenever necessary, has been a major 
factor in improving reliability. In addition, monthly reliabil- 
ity assurance tests have ensured high outgoing quality 
levels. 



The combination of building quality into products, effective 
prescreening of potential failures, and monitoring of relia- 
bility through extensive testing, has established a singu- 
larly high standard of quality and reliability for NEC's large- 
scale integrated circuits. 

Through a companywide quality control program, continu- 
ous research and development activities, extensive failure 
analysis, and process improvements, this higher standard 
of quality and reliability will continuously be set and main- 
tained. 
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Appendix 1 

Typical QC Flow for CMOS Fabrication 



FLOW 



WAFER FABRICATION PROCESS QC FLOW (CMOS) 
PROCESS MATERIAL IN-PROCESS INSPECTION/QUALITY MONITOR 



Resistivity (sampling by lot) 
Dimension (sampling by lot) 
Visual (sampling by lot) 



A 


silicon Wafer 






Incoming 
Inspection 


J 


o 


Wall 
Formation 






Oxidation 
Photo Lithography 

Ion Implantation 


o 


Field 
Formation 






Deposition 
Photo Lithography 

Oxidation 


o 


Channel Stopper 
Formation 






Photo Lithography 

Ion Implantation 
Oxidation 


o 


Gate 
Formation 






Deposition 

Doping 

Photo Lithography 


o 


p/n SD Formation 






Photo Lithography 

ion implantation 
Anneal 


o 


Contact 
Hole 






Deposition 
Photo Lithography 


o 


Metallization 






Metal Deposition 
Photo Lithography 

Alloy 


o 


Passivation 






Deposition 
Photo Lithography 






Wafer Sort 



Oxide Thickness (sampling by lot) 

Alignment and Etching Accuracy (sampling by lot) 

Layer Resistance (sampling by day) 



Deposit Thickness (sampling by lot) 

Alignment and Etching Accuracy (sampling by lot) 

Oxide Thickness (sampling by lot) 



Alignment and Etching Accuracy (sampling by lot) 
Layer Resistance (sampling by lot 
Oxide Thickness (sampling by lot) 



Deposit Thickness (sampling by lot) 

Layer Resistance (sampling by lot) 

Alignment and Etching Accuracy (sampling by lot) 

Gate Electrode Width (sampling by lot) 



Alignment and Etching Accuracy (sampling by lot) 
Layer Resistance (sampling by lot) 



Deposit Thickness (sampling by lot) 

Alignment and Etching Accuracy (sampling by lot) 



Metal Thickness (sampling by run) 

Alignment and Etching Accuracy (sampling by lot) 

Parametric Test (sampling by lot) 



Deposit Thickness (sampling by lot) 

Alignment and Etching Accuracy (sampling by lot) 



Contact Hole and Metallization Steps are Repeated Twice 
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Typical QC Flow for PLCC Assembly/Test 



Process/Materials 



The Check of Manufacturing Conditions 



Check 
Items 



Frequency 



Instrument 



Checked 
By 



The Check of Manufacturing Qualities 



Check 
Item 



Frequency 



Instrument 



Checked 
By 



Sorted Wafers 



Wafer Visual 



Dicing 

Break and Expand 

Die Visual inspection 
"eX Lead Frames 

Die Attached 

Epoxy Cure 

(Not Done for Gold 

Die Attached product) 



u 



Fine Wire 



Wire Bonding 



Pre-Seal Visual 







Inspection 
^2\ Molding Compound 

Molding 



Mold Aging 
Deflashing 







Plating 



(Naked Eye) 



Operator 



Table Speed 

Dl Water 
Blade Height 



Every 

Shift 



Indicators 
Gauges 



P.O. 



Sawing 
Dimensions 



Before 
Running 



Miaoscope 
with Filter 
Eyepiece 



Operator 



Wafer Break 
Conditions 

Wafer Expand 

Conditions 



Every 

Shift 



Indicators 
Gauges 



P.C. 



Wafer Visual 



(Naked Eye) 



Operator 



Die 
Visual 



Every Lot 
Sampling 
(Or 100%) 



Miaoscope 



Operator 



Die Attached 
Conditions 

Temperature 



Every 

Shift 



Indicators 
Thermocouple, 
Potentiometer 



P.C. 



Die Visual 

Epoxy 
Coverage 



Every 
Magazine 

Every Shift 



(Naked Eye) 
Microscope 



Operator 



Heat 

Temperature 

N 2 Flow 



Every 

Shift 



Indicators 
Gauges 



P.C. 



Shear 
Strength 



Every 

Shift 



Dynamometer 



Operator 



Bonding 
Conditions 

Temperature 



Every 

Shift 

Every 
Week 



Thermocouple 

and 
Potentiometer 



P.C. 



P.C. 



Wire Pull 
Test 



Every 
Magazine 

Every 

Shift 



Microscope 

Tension 
Gauge 



Die 

Visual 



Every Lot 
Sampling 
(or 100%) 



Microscope 



Temperature 

of Pellet, 
Expiration Date 

Temperature 

Profile of 

Die Set 

Preheat 
Temperatue 

Pressure 
Cure Time 



Every 

Shift 



Every Shift 



Thermocouple 



Thermocouple, 
Potentiometer 



P.C. 



P.C. 



(Naked Eye) 



Temperature 



Every Shift 



Indicator 



P.C. 



Deflashing 

Conditions 

Concentration 

Density 

Water Jet 

Pressure 



Every Shift 

Every Week 
Every Week 

Every Day 



Indicators 

Titration 
Density Meter 

Gauge 



P.C. 



Tech. 
Tech. 



Tech. 



Every Lot 



(Naked Eye) 



Plating 

Conditions 

Concentration 



Every Day 
Every Week 



Indicators 
Titration 



P.C. 
Tech. 



Operator 
Operator 



Inspector 



Operator 



Operator 
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Typical QC Flow for PLCC Assembly/Test (Cont) 



Process/Materials 


The Check of Manufacturing Conditions 


The Check of Manufacturing Qualities 


Check 
Items 


Frequency 


Instrument 


Checked 
By 


Check 
Item 


Frequency 


Instrument 


Checked 
By 




17 


Plating Inspection 

|\ Marking Ink 

Marking 
1 Mark Cure 

Lead Forming 

Final Assembly Inspection 

1st Electrical Sorting 

1st Electrical Sorting 
Reliability Assurance Test 

In-Warehouse Inspection 
Warehousing 










Visual 

Plating 

Thickness 

Composition 

Solderability 


Every Lot 

Every Lot 
Every Lot 
Once/Day 


(Naked Eye) 

X-ray 

X-ray 

(Naked Eye) 


Technician 

Technician 
Technician 
Technician 








a 


Marking 
Conditions 


Every Shift 


Indicators 


P.C. 


Visual 


Every Lot 


(Naked Eye) 


Operator 


e 


Temperature 


Every 

Shift 


Thermocouple 


P.C. 


Marking 
Permanency 


Twice/Shift 


Automatic 
Tester 


Operator 




^ 


Dimensions 


Every Shift 
(Before 
Running) 


Test Jig. 
Caliper 


Operator 


Visual 


Every Lot 


(Naked Eye) 


Operator 




22 










Visual 


Every Lot 


Magnifying 
Lamp 


Operator 




1 


P.M. Check 
Sample 
Check 


Every Day 
Before 
Testing 


P.M. Jig. 
Test 

Samples 


Operator 
Operator 


.Electrical 
Characteristics 


100% 


IC Tester 


Operator 




23 




1 


© 


Burn- In 
Conditions 


Every 
Batch 


Indicator 


P.C. 












1 




Every Day 

Before 
Testing 


P.M. Jig. 
Test 

Samples 


Operator 
Operator 


Electrical 
Characteristics 


100% 


IC Tester 


Operator 




25 




1 






Every 
Month 
















26 












Every Day 

Before 
Testing 


P.M. Jig. 
Test 

Samples 




Electrical 
Characteristics 
Visual (Major) 

Visual (Minor) 


Every Lot 
Every Lot 

Every Lot 


IC Tester 

(Naked Eye) 

and 
Microscope 

(Naked Eye) 


Inspector 
Inspector 

Inspector 




27 




4 


^ 
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Appendix 2 

Typical Reliability Assurance Tests 

ThellfetestsperformedbyNECconsistof hightemperature mechanical tests are performed. The table below shows 

bias life (HTB), high temperature storage life (HTSL), high theconditionsof the various life tests, environmentaltests, 

temperature/highhumidity(T/H),andhighhumiditystorage and mechanical tests, 
life (HHSL) tests. Additionally, various environmental and 



Test Item 


Symbol 


MIL-STD-883C 
Method 


Condition 


Remarks 


High Temperature 
Bias Life 


HTB 


1005 


T^ = 125*C, Vdd specified per device type. 


(Note 1) 


High Temperature 
storage Life 


HTSL 


1008 


T,«150<C. 


(Note 1) 


High Temperature/ 
High Humidity 


T/H 




T^ = 85<C, RH = 85%, V^p = 5.5 V. 


(Notel) 


High Humidity 
storage Life 


HHSL 




T^=85*C.RH = 85%. 


(Note 1) 


Pressure Cooker 


POT 




T^=125<C,P = 2.3atm. 


(Notel) 


Temperature Cycling 


T/C 


1010 


-65*0 to 150^,1 hr/cycle. 


(Note 1) 


Lead Fatigue 


03 


2004 


90** bends. 3 bends without breaking. 


(Note 2) 


Solderability 


04 


2003 


230*C, 5 sec, Rosin Base Flux. 


(Note 3) 


Soldering HeaV 
Temperature Cycle/ 
Thermal Shock 


06 


(Note 4) 
1010 
1011 


260°0, 10 sec. Rosin Base Flux/ 
10-1 hr cycles, -65<C to 150^/ 
15-10 min cycles, 0«C to 100^ 


(Notel) 



Notes: 

(1) Electrical test per data sheet is performed. Devices that exceed the data 
sheet limits are considered to be rejects. 

(2) Broken lead is considered to be a reject. 



(3) Less than 95% coverage is considered to be a reject. 

(4) MIL-STD-750A, method 2031 . 
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New Product /Process Change Tests 


Test Item 


Test Conditions 


Sample Size 


Newly 

Developed 

Product 


Shrink 
Die 


New 
Package 


Wafer 


Assembly 


High Temp. 
Operating Life 


See Appendix 2, 1000H 


20 to 50 pes 
XltoSlots 

















High Temp. 
Storage Life 


T«150<C (Plastic), 
175*0 (Ceramic), 1000H 


10 to 20 pes 
X1to3lots 

















High Temp, and 
Humidity Bias Life 
(Plastic Device) 


See Appendix 2, 1000H 


20 to 50 pes 
XltoSlots 

















Pressure cooker 
(Plastfc Device) 


See Appendix 2, 288H 


10 to 20 pes 
XltoSlots 

















Thermal 
Environmental 


See Appendix 2 


10 to 20 pes 
X1to3iots 





X 





X 





Mechanical 
Environmental 
(Ceramic Device) 


20G,10to2000Hz 
1500G, 0.5 ms 
20000G,1min 


10 to 20 pes 
X1to3lots 





X 





X 





Lead Fatigue 


See Appendix 2 


5 pes 
XltoSlots 


X 


- 


X 


— 


X 


Solderability 


See Appendix 2 


5 pes 
XltoSlots 


X 


— 


X 


— 


X 


ESD 


(1)C = 200pF,R«on 
(2)C = 100pF,R«1.5KQ 


20 pes 
XltoStots 








X 





X 


Long Term T/C 


See Appendix 2, 1000 cy 


10 to 50 pes 
XltoStots 


















- Performed X - Perform if Necessary — • Not Performed 
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Failure Analysis Flowchart 



- INFORMATION 
Failure mode: 
Situation, When Failure 
Appeared: ^tc. 



Analysis of 
Information 



External 
Inspection 



Electrical 
Characteristics 



DC/Function Testing 
by Tester Curvetracer 



Fail 
Yes 



Stress 
Test 



Failure 
Report 



Test correlation 
lUlay be Needed 



Non-destructive 
Analysis 



Semi-Destructive 
Analysis 



Due to the Case: X-ray Fluoroscope, 
Hermeticai Test, Dew-point Test, 
Curvetracer Checic, etc. 



Decapsulation, Internal Visual 
Check, Electrical Measurement, 
Circuit Analysis 




Destructive 
Analysis 



Failure 
Report 



Etching the Passivation, etc. 
SEM, XMA, Cross-section, etc. 



Estimation of Causes 
Countermeasures 
Corrective Action 
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Section 3 

/iPD7500 Series: 

4-Bit, CMOS Microcomputers 



MPD7502/03 3-3 

4-Bit, Single-Chip CIVIOS Microcomputers 

Witli LCD Controller/Driver 

MPD7607/08 3-19 

4-Bit, Single-Ciiip CMOS Microcomputers 

MPD7507H/08H/75CG08HE 3-39 

4-Bit, Single-Chip CMOS Microcomputers 

MPD7527A/28A/75CG28E 3-53 

4-Bit, Single-Chip CMOS Microcomputers 

With FIP Driver 

/iPD7633/75CG33E 3-65 

4-Bit, Single-Chip CMOS Microcomputers 
With A/D Converter 

MPD7537A/38A/75CG38E 3-85 

4-Bit, Single-Chip CMOS Microcomputers 

With FIP Driver 

MPD7554/54A/64/64A 3-99 

4-Bit, Single-Chip CMOS Microcomputers 

With Serial I/O 

iiiPD76P54/P64 3-121 

4-Bit, Single-Chip, One-Time Programmable 
(OTP) CMOS Microcomputers With Serial I/O 

MPD7556/56A/66/66A 3-1 41 

4-Blt, Single-Chip CMOS Microcomputers 
With Comparator 

/[iPD75P56/P66 3-163 

4-Blt, Single-Chip, One-Time Programmable 
(OTP) CMOS Microcomputers With 
Comparator 
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A/PP750Z/03 

4-Bit, Single-Chip 

CMOS Rflicrocomputers 

Willi LCD Controller/Driver 



Description 

The //PD7502 and /yPD7503 4-bit, single-chip CMOS 
m icrocom puters have advanced f ou rth-generation arch 1- 
tecture with the functional blocks necessary for a 
single-chip controller, including an 8-bit timer/event 
counter, an 8-bit serial I/O, and an LCD controller/ 
driver. 

The instruction set includes the following types of 
instructions: addressing, table look-up, bit manipu- 
lation, vectored jump, auto increment or decrement 
data pointer, and conditional skip. These Instructions 
maximize use of fixed program memory space. 

Both devices are manufactured with the CMOS process 
and have a maximum power consumption of 900 M at 
5 V and 300 //A at 3 V. Halt and stop modes further 
reduce power consumption. 

These devices are ideal for a wide range of solar- and 
battery-powered applications. 

Features 

D 92 powerful instructions 
D Program ROM 

— A/PD7502: 2048 x 8-bit 

— //PD7503: 4096 x 8-bit 
n Data RAM 

— //PD7502: 128 X 4-bit 

— //PD5703: 224 x 4-bit 
D Interrupts 

— External: INTO. INT1 

— Internal: INTT (timer/event counter) 

I NTS (serial interface) 
D 8-bit timer/event counter 

— Based on crystal oscillation 

— External event counter (prescale option by 64) 
D Serial interface 

D LCD controller/driver 

— Programmable multiplexing mode: triplex, 
quadruplex, or pseudo-static 

— 4 common lines (COM0-COM3) 

— 24 segment lines (S0-S23) 
D Standby modes: stop, halt 
D Data retention mode 

D I/O ports 

— 3-bit input port 

— 4-bit input port 

— 4-bit output port 

— Two 4-bit I/O ports with 8-bit capability 

— 4-bit I/O port with each bit configurable as an 
input or output 



D RC oscillation clock 
D Crystal oscillation clock 
D 2.5 to 6.0 V operating voltage 
D CMOS technology 



Ordering Information 




Part No. Package Type 


Max Frequency 
of Operation 


//PD7502GF-12 64-pin plastic QFP 


410 kHz 


itfPD7503GF-12 64-pin plastic QFP 


410 kHz 



Pin Configuration 



innnnnnnnnnnn 



NC 
P32 
P3i 
P3o 
POs/Si 
PO2/SO 
PO1/SCK 
P63 
P62 
P61 
P60 
P53 
P52 
P5l 
P5o 
P43 
P42 
P41 
P4o 



64 63 62 61 60 59 58 57 56 55 54 53 52 



C 1 

C 2 
C 3 
C 4 
C 5 
C 6 
C 7 
C 8 
C 9 
C 10 
C 11 
C 12 
C 13 
C 14 
C 15 
C 16 
C 17 
C 18 
C 19 



o 



yuPD7502/03 



! 23 24 25 26 27 28 29 30 31 32 

l UUUUUUUUUU 



51 Dsa 

50 USA 
49 Dss 

48 DS6 
47 DS7 
46 DS8 
45 ISa 
44 DSio 
43 DSii 
42 DS12 
41 3S13 
40 DSl4 
39 DS15 
38 DS16 
37 DSi7 
36 1S18 
35 DS19 
34 DS20 
33 DS21 



X (0 Q Q Q 
> U U U . 



i , 

o o o o ' 
o u u u 



50270 (NECEL-538) 
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Pin Identification 




No. 


Symbol 


Function 


1 


NC 


No connection 


2-4, 64 


P33-P30 


4-bit output port 3 


5-7 


PO3/SI 
PO2/SO , 
PO1/SCK 


3-bit input port 0, or 
serial I/O interface 


8-11 


P63-P60 


4-bit I/O port 6 


12-15 


P53-P50 


4-bit I/O port 5 


16-19 


P43-P40 


4-bit I/O port 4 


20,21 


X2,X1 


Crystal clock/external event 
input port X 


22 


Vss 


Ground 


23-25 


VlCD3-VlCD1 


LCD bias supply inputs 


26.58 


Vdd 


Positive power supply 


27-30 


COM3-COMO 


LCD backplane driver outputs 


31-54 


S23-S0 


LCD segment driver outputs 


55 


1NT1 


External interrupt 


56 


RESET 


RESET input 


57,59 


CL1,CL2 


System clock input 


60-63 


PI3-PI1, 
PIq/INTO 


4-bit input port 1, or 
external interrupt INTO 



Status of Unused Pins 



Name 


Pin Connection 


CL2 


Open 


XI 


Vss 


X2 


Open 


PO1/SCK 

PO2/SO 

PO3/SI 


VssorVpD 


PIq/INTO 


Vss 


PI1-PI3 


Vss or Vdd 


P30-P33 


Open 


P40-P43 
P50-P53 
P60-P63 


Input mode: Vss o'' Vdd 
Output mode: Open 


INT1 


Vss 


S0-S23 
COM0-COM3 

VlCD1"VlCD3 


Open 
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Pin Functions 

PO3/SI, PO2/SO, PO1/SCK [Port or Serial 
Interface] 

ThJs port can be configured as a 4-bit parallel input 
port or as the 8-bit serial I/O interface under control 
of the serial mode select register. The serial interface 
consists of the serial i nput (SI), the serial output (SO), 
and the serial clock (SCK), which synchronizes data 
transfer. 

PI3-PI1, PI0/INTO [Port 1 or Interrupt] 

4-bit input port 1. Line PI0 is shared with external 
interrupt INTO, which is a rising edge-triggered inter- 
rupt. 

P33-P30 [Port 3] 

4-bit, latched three-state output port 3. 

P43-P40 [Port 4] 

4-bit input or latched three-state output port 4. Can 
perform 8-bit I/O in conjunction with port 5. 

P53-P50 [Port 5] 

4-bit input or latched three-state output port 5. Can 
perform 8-bit I/O in conjunction with port 4. 

P63-P60 [Port 6] 

4-blt input or latched three-state output port 6. The port 
6 mode select register configures individual lines as 
inputs or outputs. 

COM3-COM0 [LCD Backplane Driver Outputs] 

LCD backplane driver outputs. 

S23-S0 [LCD Segment Driver Outputs] 

LCD segment driver outputs. 



INT1 [Interrupt] 

This external interrupt is a rising edge-triggered 
Interrupt latched by CL. 

RESET 

A high-level input to this pin initializes the//PD7502/ 
7503. 

X2, X1 [Crystal Clock/External Event Input Port X] 

For crystal clock operation, connect a crystal oscillator 
circuit to input XI and output X2. For external event 
counting, input external event pulses to X1 and leave 
X2 open. 

CL1, CL2 [System Clock Input] 

Connect an 82-kQ resistor across CL1 and CL2, and a 
33-pF capacitor from CL1 to Vss- Or, connect an 
external clock source to CL1 and leave CL2 open. 

Vlcd3-Vlcdi [LCD Bias Voltage Inputs] 

LCD bias voltage supply inputs to the LCD voltage 
controller. Apply appropriate voltages from a voltage 
ladder connected across Vdd- 

Vdd 

Positive power supply. For proper operation, apply a 
single voltage from 2.5 to 6.0 V. 

Vss 

Ground. 
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Block Diagram 



INT1 INTO/PI0 



SCK/PO1 SI/PO3 
SO/PO2 



Count 

Clock 

Generator 



Clock 
Control 



n — n 



Timer/Event 
Counter 



interrupt 
Control 



TTU 



._i 



Serial 
Interface 



C= 



7^ 



Program Counter 
[11] 7502, [12] 7503 



H 



Program IMemory 
2048 X 8 Bits [7502] 
4046 X 8 Bits [7503] 




^A-^ 
l/^ 



H 



General Registers 



Instruction 
Decoder 



D[4] 



E[4] 



H[4] 



L[4] 



Stack Pointer [8] 



H 



O 



Data Memory 
128 X 4 Bits [7502] 
224 X 4 Bits [7503] 



]_± 



System 

Clock 

Generator 



Standby 
Control 



i 



H 



O 



Porto 
Buffer 



Port 1 
Buffer 



a Port 4 
Latch 
Buffer 






LCD Controller/Driver 



t t t 



T5 W^f 



Vdd 



Vss RESET 



COMo-COMa Vlcdi, VlcD2. 
Vlcds 



P01-P03 

Co 

P10P13 



Port 3 
Latch 
Buffer 



P30-P33 



/1_J\ Port 5 
(^ ) Latch 

\j— iX Buffer 



Porte 
Latch 
Buffer 



P50-P53 
P60-P63 



See figures 1 through 8 for additional block diagram 
details. 



Figure 



Title 



1 


Data Memory Map 


2 


Program Memory Map 


3 


Interface at Input/Output Ports 


4 


Clock Control 


5 


Timer/Event Counter 


6 


Interrupt Control 


7 


Serial Interface 


8 


LCD Controller/Driver 
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Figure 1. Data Memory Map 



Figure 2. Program Memory Map 



Address 

[Decimal] 



23 
24 




Address 

[Hex] 

OOH 

17H 
18H 




LCD Segment Data 
Storage Area 




;uPD7502 

128 




7FH 
80H 






A/PD7503 

j 223 




DFH 


83-003432 A 





Address 

[Decimal] 

MSB 



Address 
[Hex] 
LSB 



J I 7 [6 I 5 I 4 I 3 I 2 I 1 I I OOOH "^SET Pulse Vectors Program 
— I 1 1 — I — I — I — I — Execution to Address OOH 



207 
208 



1023 
1024 



.2047 
2048 



INTT [Internal Timer/Event 
01 OH Counter Interrupt] Vectors 
Execution to 01 OH 

INTO/S [External Interrupt or 
020H Serial Interface Interrupt] 
Vectors Execution to 020H 

030H """^^ [External Interrupt 1] 
Vectors Execution to 030H 



OCOH 

LHLT Instruction 
OCFH Reference Table 
ODOH CALT Instruction 

Reference Table 



3FFH 
400H 



Last Address for 
7FFH CALL Instruction 



800H Entry [/iPD7503] 
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Figure 3. Interface at Input/Output Ports 



Type A 
P11, Pl2, PI3 

Vdd 






-O Input 



Vss 



Type B 
INT1, PO3/SI, PI0/INTO, RESET 
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Figure 4. Clock Control 
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Figure 6. Interrupt Control 
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Figure 8. LCD Controller/Driver 
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Absolute lyiaximum Ratings 

Ta = 25<'C 




Power supply voltage, Mqq 


-0.3 to +7.0 V 


All input and output voltages 


-0.3VtoVDD + 0.3V 


Output current high, Iqh 
Per pin 
Total, output ports 


-17 mA 
-20 mA 


Output current low, Iql 
Per pin 
Total, output ports 


17 mA 
55 mA 


Operating temperature, Tqpt 


-10to+70*'C 


Storage temperature, Tstg 


-65to+150°C 



C6mmeht: Exposing the device to stresses above those listed>in 
Absolute Maxinnum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits desctibed in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

Ta = 25<'C;Vdd = 0V 



Limits 



Parameter Symbol Min Typ Max 



Unit 



Test 
Conditions 



Input 
capacitance 



Output 
capacitance 



I/O 
capacitance 



C| 



Co 



C|0 



15 



15 



pF fc = 1 MHz 
Unmeasured 
pins returned to 
Vss 



pF 



15 



pF 



DC Characteristics 1 

For Vdd = 2.5 to 3.3 Volts 

TA = -10td+70°C 



Supply Current 



Iddi 



'dddr 





Symbol 




Limits 




Unit 


Test 


Parameter 


iVIin 


Typ 


IVIax 


Conditions 


Input voltage, high 


V|H1 


0.8 Vdd 




Vdd 


V 


Except CL1, XI 




V|H2 


Vdd -0.3 




Vdd 


V 


CL1,X1 




VlHDR 


0.9VDDDR 




Vdddr + 0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 







0.2 Vdd 


V 


Except CL1, XI 




V|L2 







0.3 


V 


CL1,X1 


Output voltage, high 


VOH 


Vdd -0.5 






V 


Ioh = -80a/A 


Output voltage, low 


Vol 






0.5 


V 


\0i ^ 350 fjA 


Input leakage current, high 


'um 






3 


//A 


Except CL1, XI; V|N = Vdd 




Ilih2 






10 


M 


CL1,X1;V|n = Vdd 


Input leakage current, low 


'uu 






-3 


M 


Except CL1, XI; V|M = OV 




Ilil2 






-10 


M 


CL1,X1;V|N = 0V 


Output leakage current, high 


Iloh 






3 


M 


Vo = Vdd 


Output leakage current, low 


'lol 






-3 


M 


Vo = OV 


Supply voltage 


Vdddr 


2.0 






V 


Data retention mode 



50 



250 



//A 



Normal operation, Vdd = 3 V ± 10%; 
R = 240 kO ±2%, C = 33 pF ±5% 





35 


230 


//A 


Normal operation, Vdd = 2.5 V; 
R = 240kO±2%,C = 33pF±5% 


IdD2 


0.3 


10 


M 


Stop mode, XI = V; Vdd = 3 V ±10% 




0.2 


10 


M 


Stop mode, XI = V; Vdd = 2.5 V 



0.2 



//A 



Data retention mode, Vdddr = 2.0 V 
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DC Characteristics 2 

For Vdd = 2.7 to 6.0 Volts 

TA = -10to+70''C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage, high 


V|H1 


0.7 Vdd 




Vdd 


V 


Except CL1,X1 




V|H2 


Vdd-0.5 




Vdd 


V 


GL1,X1 




V|HDR 


0.9VDDDR 




Vdddr + 0.2 




RESET, data retention mode 


Input voltage, low 


V|L1 







0.3 Vdd 


V 


Except CL1, XI 




V|L2 







0.5 


V 


CLI.XI 


Output voltage, high 


VOH 


Vdd -10 






V 


l0H = -1.0 mA, Vdd = 4.5 to 6.0 V 






Vdd-0.5 






V 


IOL = -100//A 


Output voltage, low 


Vol 






0.4 


V 


l0L = 1.6 mA, Vdd = 4.5 to 6.0 V 








0.5 


V 


IOL = 400/iA 


Input leakage current, high 


'lihi 






3 


//A 


Except CL1, XI; V| = Vdd 




IlIH2 






10 


/^A 


CLI.XI 


Input leakage current, low 


Ilili 






-3 


M 


Except CL1, XI; V| = 0V 




IlIL2 






-10 


/^A 


CLI.XI 


Output leakage current, high 


Iloh 






3 


//A 


Vo = Vdd 


Output leakage current, low 


Ilol 






-3 


A/A 


Vo = OV 



Output impedance (1) 



RCOM 


3 


5 


kQ 


COMo-COM3;VDD = 4.5to6.0V 




5 


15 


kn 


COM0-COM3 


Rs 


15 


20 


kn 


So-S23;VDD = 4.5to6.0V 



20 



60 



kQ 



S0-S23 



Supply voltage 



Vdddr 



2.0 



6.0 



Data retention mode 



Supply current 



Iddi 


300 


900 


//A 


Normal operation, Vdd = 5 V ± 10%; 
R = 82kQ±2%,C = 33pF±5% 




70 


300 


//A 


Normal operation, Vdd = 3 V ± 10%; 
R = 160kO±2%,C = 33pF±5% 


IdD2 


1.0 


20 


/iA 


Stop mode, XI = V; Vdd = 5 V ± 10% 




0.3 


10 


fjA 


Stop mode, XI = V; Vdd = 3 V ± 10% 



'dddr 



0.2 



M Data retention mode, Vdddr = 2.0 V 



Note: 

(1) Vlcd = 2.7 V to Vdd 
Vlcdi=Vdd-(1/3)Vlcd 

VlcD2 = Vdd-(2/3)Vlcd 

Vlcd3 — Vdd - Vlcd 
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AC Characteristics 1 

For Vdd = 2.7 to 6.0 Volts 

TA = -10to+70°C 



Limits 



Parameter 



Symbol 



Min 



Typ 



Max 



Unit 



Test 
Conditions 



System clock frequency 



fee 



150 


200 


240 


kHz 


Vdd = 5 V ±10%; R = 82 kn ±2% (Note 1) 


75 


100 


120 


kHz 


Vdd = 3 V ±10%; R = 160 ko ±2% (Note 1) 


75 




135 


kHz 


R = 160kO±2%(Note1) 


10 




410 


kHz 


CL1, external clock, 50% duty; Vdd = 4.5 to 
6.0 V 







10 


125 


kHz 


CL1. external clock, 50% duty; Vdd = 2.7 V 


System clock rise and fall 
time 


teR. tOF 




0.2 


fJS 


CL1, external clock 


System clock pulse width 


ten. tcL 


1.2 


50 


fJS 


CL1 , external clock; Vdd = 4.5 to 6.0 V 




4.0 


50 


fiS 


CL1, external clock; Vdd = 2.7 V 



Counter clock frequency 



fxx 



25 



32 



50 



kHz XI, X2, crystal oscillator 



410 



kHz 



XI, external pulse input, 50% duty; 
Vdd = 4.5 to 6.0 V 










125 


kHz 


XI, external pulse input, 50% duty; 
Vdd = 2.7 V 


Counter clock rise and fall 
time 


txR. tXF 




0.2 


A/s 


XI, external pulse input 


Counter clock pulse width 


tXH. tXL 


1.2 




fjS 


XI, external pulse input; Vdd = 4.5 to 6.0 V 




4.0 




//s 


XI, external pulse input; Vdd = 2.7 V 



SCK cycle time 



tKCY 



3.0 



fjs SCK as input; Vdd = 4.5 to 6.0 V 



8.0 



fjs SCK as input 



4.9 



fjs SCK as output; Vdd = 4.5 to 6.0 V 



16.0 



fjs SCK as output 



SCK pulse width 



tKH. kl 



1.3 



fjs SCK as input; Vdd = 4.5 to 6.0 V 



4.0 



//s SCK as input 



2.2 



fjs SCK as output; Vdd = 4.5 to 6.0 V 







8.0 




US 


SCK as output 


SI setup time to SCK t 


tsiK 


300 




ns 




SI hold time after SCK t 


tKSl 


450 




ns 




SO delay time after SCK i 


tKSO 




850 


ns 


Vdd = 4.5 V to 6.0 V 






1200 


ns 




INTO pulse width 


t|OH. t|OL 


10 




//S 




INT1 pulse width 


t|1H. t|iL 


(Note 2) 




fjS 




RESET pulse width 


tRSH. tRSL 


10 




fJS 




RESET setup time 


tSRS 







ns 




RESET hold time 


tHRS 







ns 





Notes: 

(1) RC network at CL1 and CL2; C = 33 pF ±5%,| AC/*'C|^ 60 ppm. 

(2) 2 X 103 -T- fee or fc in kHz. 
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AC Characteristics 2 

For Vdd = 2.5 to 3.3 Volts 

TA = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock frequency 


^cc 


50 




80 


kHz 


R = 240kn±2%(Note1) 




50 


64 


77 


kHz 


Vdd = 2.5 V; R = 240 kfi ±2% (Note 1) 




to 


10 




80 


kHz 


CL1, external clock, 50% duty 


System clock rise and fall 
time 


tCR, tcF 






0.2 


A/S 


CL1, external clock 


System clock pulse width 


tCH. ki 


6.25 




50 


fiS 


CL1, external clock 


Counter clock frequency 


^XX 


25 


32 


50 


kHz 


XI, X2, crystal oscillator 




tx 







80 


kHz 


XI, external pulse input, 50% duty 


Counter clock rise and fall 
time 


tXR. tXF 






0.2 


fjS 


XI, external pulse input 


Counter clock pulse width 


tXH. hi 


6.25 






MS 


XI, external pulse input 


SCK cycle time 


^KCY 


12.5 






flS 


^ as input 




25 






fjS 


SCK as output 


SCK pulse width 


tKH. ^KL 


6.25 






A/s 


SCK as input 




11.5 






fjS 


SCK as output 


SI setup time to SCK T 


tSIK 


1 






fjS 




SI hold time after SCK T 


tKSI 


1 






fjS 




SO delay time after SCK i 


tKSO 






2 


fJS 




INTO pulse width 


t|OH. t|OL 


30 






flS 




INT1 pulse width 


t|1H. t|lL 


(Note 2) 






flS 




RESET pulse width 


tRSH. tRSL 


30 






fjS 





Notes: 

(1) RC network at CL1 and CL2; C = 33 pF ±5%,| AC/X|^ 60 ppm. 

(2) 2 X 103 ^ fee or fc in kHz. 

Recommendeci R and C Values for System 
Ciocic Oscillation Circuit 

TA = -10to+70*'C 



Supply Voltage Range 


Recommended 
Values (Note 1) 


Frequency Range 


4.5 to 6.0 V 


R = 82kQ±2% 


150 to 250 kHz, 
200 kHz typical 


2.7 to 3.3 V 


R =160 kO ±2% 


75 to 120 kHz, 
100 kHz typical 


2.7 to 6.0 V 


R=160kO±2% 


75 to 135 kHz 


2.5 to 3.3 V 


R = 240 kO ±2% 


50 to 80 kHz 


2.5 to 6.0 V 


R = 240kO±2% 


50 to 85 kHz 



Note: 

(1) C = 33pF±5%,|AC/°C|<60ppm. 
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Timing Waveforms 

Timing Measurement Points 



Externai interrupts 





Vdd 


= 2.7 to 6.0 V 




W 0.7 Vdd 
A 0.3 Vdd 




Test Points 


0.7 Vdd Y 
0.3 Vdd A 




Vdd 


= 2.5 to 3.3 V 




Y 0.8 Vdd 
A 0.2 Vdd 




Test Points 


0.8 Vdd Y 
0.2 Vdd A 
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Operating Characteristics 



fee vs Vdd 



fe vs Vdd [External Clock] 
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Operating Characteristics (cent) 



Iddi vsfcc 
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NEC Electronics Inc. 



AfPD7507/08 

4-Bit, Single-Chip 

CIViOS lyiicrocomputers 



Description 

The //PD7507 and ArPD7508 4-bit, single-chip CMOS 
microcomputers have the^rPDysoO series architecture. 
The subroutine stacl< is implemented In RAM for 
greater nesting depth and flexibility. 

Thirty-two I/O lines are organized into eight 4-bit 
ports: input port/serial Interface port 0, output ports 2 
and 3, and I/O ports 1, 4, 5, 6, and 7. 

The//PD7507 and/iPD7508 execute 92 instructions of 
the //PD7500 series A instruction set with a 5-//S 
instruction cycle time. 

Maximum power consumption is 900 M at 5 V, less In 
the HALT and STOP low-power modes. 

The//PD75GG08E is a piggyback EPROM prototyping 
chip that is pin-compatible with//PD7507 and//PD7508. 
A 2716 inserted into the top of the iuPD75CG08E 
emulates the //PD7507's ROM. A 2732 emulates the 
//PD7508's ROM. When emulating the A/PD7507, the 
user must take care to use only tfie first 128 RAM 
locations. Although the A/PD7507 and a'PD7508 can 
operate over a range of 2.5 to 6.0 V, //PD75CG08E 
operation is limited to 5 V ±10%. 

Table 1 summarizes the differences among //PD7507, 
//PD7508 and //PD75CG08E. 



Table 1. Features Comparison 






//PD75CG08E 


iuPD7507/7508 


Program memory 


2Kx 8 EPROM (2716) 
4K X 8 EPROM (2732) 


2K X 8 masked ROM (7507) 
4K X 8 masked ROM (7508) 


Data memory 


224x4 


128 X 4 (7507) 
224x4(7508) 


Data retention 
mode 


No 


Yes 


Power supply 


5V±10% 


27 to 6.0 V 


Package types 


40-pin ceramic 
piggyback DIP 


40-pin plastic DIP 
40-pin plastic shrink DIP 
52-pin plastic QFP 



Features 

D Single chip microcomputer 
D Program ROM 

— //PD7507: 2048 X 8-bit 

— //PD7508: 4096 X 8-bit 

— /UPD75CG08: piggyback EPROM 
D Data RAM 

— //PD7507: 128 X 4-bit 

— A(PD7508: 224 X 4-bit 

— /iPD75CG08: 224 x 4-bit 
n 8-bit timer/event counter 

D Four 4-blt general purpose registers 
D Four vectored, prioritized interrupts 
D Executes 92 instructions of //PD7500 series A 

instruction set 
D 5//S instruction cycle/400 kHz external clock 
n Two standby modes 
D 32 I/O lines 
n Low-power HALT and STOP modes 



Ordering information 




*Part Number 


Package Type 


Max Frequency 
of Operation 


AiPD7507C 


40-pin plastic DIP 


410 kHz 


A/PD7507CU 


40-pin plastic shrink DIP 


410 kHz 


iuPD7507GG-00 


52-pin plastic QFP 


410 kHz 


AiPD7508C 


40-pin plastic DIP 


410 kHz 


A/PD7508GU 


40-pin plastic shrink DIP 


410 kHz 


A/PD7508GC-00 


52-pin plastic QFP 


410 kHz 


AiPD75GG08E 


40-pin ceramic piggyback DIP 


410 kHz 



* A 3-digit mask identification code is added to the part number by 
NEC at the time of code verification. 



50271 (NECEL-542) 
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Pin Configurations 

40'Pin Plastic DIP and Plastic Shrink DIP 













X2C 


1 V. 


> 40 


DX1 


P20/PSTB C 


2 


39 


Hvss 




P2i/PT0UT C 


3 


38 


3 P43 




P22C 


4 


37 


DP42 




P23C 


5 


36 


DP41 




pioc: 


6 


35 


3 P4o 




PiiC 


7 


34 


DP53 




P12C 


8 


33 


DP52 




P13C 


/08 


DP5l 




P3oC 



507 


3 P5o 




P3lC 


11 Q 30 

12 **• 29 


3 P63 




P32C 


D P62 




P33C 


13 


28 


3 P61 




P7oC 


14 


27 


3 P60 




P7l C 


15 


26 


3 P03/sr 




P72C 


16 


25 


3 P02/SO 




P73C 


17 


24 


3 PO1/SCK 




RESET C 


18 


23 


3 POo/INTO 




cue 


19 


22 


3 INTI 




VddC 


20 


21 


D CL2 


83-003454A 











40-Pln Ceramic Piggyback DIP 
















X2C 


1 


v-^ 


40 


DX1 


P20/PSTB C 


2 


HPD75CG08E 


39 


DVss 


P21/PT0UT C 


3 






38 


1P43 


P22E 


4 


NCL 


1^'^ 


JVdd 


37 


DP42 


P23C 


5 


NCL 


2 27 


-J«««^S6 


1P41 


PI0C 


6 


A7L 


3 26 


DVdd 


35 


DP4o 


PI1C 


7 


AeL 


4 25 


J As 


34 


DP53 


PI2C 


8 


A5L 


5 24 


J As 


33 


DP52 


PI3C 


9 


A4L 


6 23 


JA11 


32 


lP5i 


P3oC 


10 


A3L 


7 22 


Jvss 


31 


DP5o 


P3iC 


11 


A2L 


8 21 


UAio 


30 


DP63 


P32C 


12 


AiL 


9 20 


JCE 


29 


IIP62 


P33C 


13 


AoL 


10 19 


JI7 


28 


:iP6l 


P7oC 


14 


loL 


11 18 


Jl6 


27 


DP60 


P7iC 


15 


I1L 


12 17 


JI5 


26 


3 PO3/SI 


P72C 


16 


I2L 


13 16 


JI4 


25 


3 PO2/SO 


P73C 


17 


VssL 


14 15 


JI3 


24 


3 P01/SCK 


RESET C 


18 




23 


3 POo/INTO 


cue 


19 




22 


DINTI 


VddC 


20 




21 


DCL2 
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52'Pln Plastic QFP 









NO [m 


^ 52 51 50 49 48 47 46 45 44 43 42 41 40 ^ 
1 39 


m P23 


p73nE 


: : 


zn P22 


RESET cm 


~TT1 P21/PTOUT 


Nc nr 


4 36 


-m P20/PSTB 


CL1 or 


5 35 


Tn NC 


NC nr 


6 34 


zn X2 


vdd mr 


7 ;/PD7507/08 33 


ZD Vdd 


~ NC cm 


8 32 


zn XI 


■ CL2 cm 


9 31 


ZD vss 


INTI cm 


10 30 


znP43 


POo/INTO cm 


11 29 


zn NC 


P01/SCK cm 


12 28 


zn P42 


NC cm 


13 27 
^ 14 15 16 17 18 19 20 21 22 23 24 25 26 ^ 


Tn NC 




i 11 a am Hi 
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Pin identification 



40-Pin DIP, Shrink DIP and Piggyback DIP 



No. 


Symbol 


Function 


1,40 


X2, XI 


Crystal clock/external event Input port 


2-5 


P2o/PSTB, 
P2i/PT0UT, 
P22. P23 


Output port 2/output strobe pulse, 
timer out F/F signal 


6-9 


PI0-PI3 


I/O port 1 


10-13 


P30-P33 


Output port 3 


14-17 


P70-P73 


I/O port 7 


18 


RESET 


RESET input 


19,21 


CL1,CL2 


System clock inputs 


20 


Vdd 


Positive power supply 


22 


INTI 


External interrupt 



23-26 



POq/INTO, 
PO1/SCK, 
PO2/SO, 
PO3/SI 



Input port O/external interrupt, serial 
I/O interface 



27-30 


P60-P63 


I/O port 6 


31-34 


P50-P53 


I/O port 5 


35-38 


P43-P40 


I/O port 4 


39 


Vss 


Ground 
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Pin Identification (cont) 



28'Pln EPROM Socket on 


Piggyback DIP 


No. 


Symbol 


Function 


1.2 


NC 


Not connected 


3-10 


A7-A0 


Address bits 7-0 


11-13 


I0-I2 


Data bits 0-2 


14,22 


Vss 


Ground 


15-19 


I3-I7 


Data bits 3-7 


20 


CE 


Chip enable 


21.23 


A10-A11 


Address bits 10, 11 


24,25 


A9.A8 


Address bits 9, 8 


26.28 


Vdd 


Positive power supply 


27 


MSEL 


Memory select 


52-Pin QFP 


No. 


Symbol 


Function 


1,4,6,8.13, 
14, 27, 29, 
35. 40, 45 


NC 


Not connected 


2, 50-52 


P70-P73 


I/O port 7 


3 


RESET 


RESET input 


5,9 


CL1,CL2 


System clock inputs 


7 


Vdd 


Positive power supply 


10 


INT1 


External interrupt 


11,12, 
15,16 


POq/INTO, 
PO1/SCK, 
PO2/SO. 
PO3/SI 


Input port 0/external 
Interrupt, serial I/O 
interface 


17-20 


P60-P63 


I/O port 6 


21-24 


P50-P53 


I/O port 5 


25. 26 
28.30 


P43-P40 


I/O port 4 


31 


Vss 


Ground 


32,34 


XI, X2 


Crystal clock/external 
event input 


33 


Vdd 


Positive power supply 


36-39 


P2o/PSTB, 
P2i/PT0UT, 
P22, P23 


4-blt output port 2/output 
Strobe pulse, timer out 
F/F signal 


41-44 


PI0-PI3 


I/O port 1 


46-49 


P30-P33 


Output port 3 



Pin Functions 

POq/INTO, PO1/SCK, PO2/SO, PO3/SI [Port 0/ 
External Interrupt, Serial Interface] 

4-bit input port/serial 1/6 interface. This port can be 
configured as a 4-bit parallel input port or as the 8-blt 
serial I/O Interface under control of the serial mode 
select register. The serial inpu t SI, serial output SO 
(active low), aind the serial clock SCK (active low), used 
for synchronizing data transfer, make up the 8-bit 
serial I/O interface. Line POq is always shared with 
external interrupt INTO, a rising edge-triggered inter- 
rupt. If POq /INT O is unused, it should be connected to 
Vss- 'f PO1/SGK, PO2/SO, or PO3/SI are unused, connect 
them to Vss or Vdd- 

P1o-Pl3[Port1] 

4-bit input/three-state output port. Data ou tput to port 1 
is strobed in synchronization with a P2o/PSTB pulse. 
Connect unused pins to Vss o'' Vdd- 



P20/PSTB, P21/PT0UT, P22, P23 [Port 2] 

4-bit latche d three-state output port. Line P2o is shared 
with PSTB, the port 1 output strobe pulse. Line P2i is 
shared with PTOUT, the timer out F/F signal. Leave 
unused pins open. 

P30-P33 [Port 3] 

4-bit latched three-state output port. Leave unused pins 
open. 

P40-P43 [Port 4] 

4-bit latched three-state output port. Can also perform 
8-bit parallel I/O with port 5. In input mode, connect 
unused pins to Vdd or GND. In output mode, leave 
unused pins open. 

P53-P50 [Port 5] 

4-bit input/latched three-state output port. This port 
also performs 8-bit parallel I/O with port 4. In input 
mode, connect unused pins to Vss or Vdd- '" output 
mode, leave unused pins open. 

P63-P60 [Port 6] 

4-blt input/latched three-state output port. The port 6 
mode select register configures individual lines as 
inputs or outputs. In input mode, connect unused pins 
to Vss or Vdd- '" output mode, leave unused pins open. 
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P70-P73 [Port 7] 

4-bit input/latched three state output port. In input 
mode, connect unused pins to Vss or Vdd- 'n output 
mode, leave unused pins open. 

X2, X1 [Crystal Clock/External Event Input] 

Connect a crystal oscillator circuit to input X1 and 
output X2 for crystal clock operation. Alternatively, 
connect external event pulses to input XI and leave 
output X2 open for external event counting. lfX1 is not 
used, connect it to ground. If X2 is not used, leave it 
open. 

CL1, CL2 [System Clock Input] 

Connect a 82 kO resistor across CL1 and CL2, and 
connect a 33 pF capacitor from CL1 to Vss- Alter- 
natively, connect an external clock source to CL1 and 
leave CL2 open. 



RESET [Reset] 

A high level input to this pin initializes the//PD7507/08 
after power up. 

INT1 [Interrupt 1] 

External rising edge-triggered interrupt. Connect to 
Vss 'f unused. 

Vdd [Power Supply] 

Positive power supply. Apply a single voltage In the 
range 2.7 to 6.0 V for proper operation. 

Vss [Ground] 

Ground. 



Block Diagram 



J_L 



Count 

Clock 

Generator 



P 



Clock 
Control 
Circuit 



Timer/Event 
Counter 



J t 



PO2/SO 
PO1/SCK 
INTO/POo 



INTS 



Interrupt 
Controller 



Serial I/O 
Interface 



H 



Program Counter 

~T7— 



^J3l 



Program Memory 
2048 X 8-Bit ROM [yuPD7507] 
4096 X 8-Bit ROM [a(PD7508] 



"NT- 
ALU 



:;> 



Instruction 
Decoder 





1 






System 

Clock 

Generator 


Standby 
Control 












A [4] 



General Registers 



D[4] 


E[4] 


H [4] 


L[4] 


Stack Pointer [8] 


Data Memory 
128 X 4-Bit ROM [JUPD7507] 
224 X 4-Bit ROM [a(PD7508] 



o 



o 



SEfSl^Oc^iJ^ 



PO0-PO3 



/^ Port 
\n/ Buffer 



'.<!>■ 



I K Port 2 K 

> Latch 4 y P20-P23 
I K Buffer K : 



yLK Port 4 yLK 
(( ) Latch C^ 4 \ P40-P43 
\rV Buffer NTK 



I K Port 3 K 

y Latch 4 y P30-P33 
I K Buffer 1/ 



P20/PSTB \ 
\P2i/PT0UTJ 



VLK Port 5 A-K 
Q y Latch C 4 \p5o-P53 
Vk Buffer NV 



Ai\ Port 6 yU\ 
Q y Latch r 4 >P6o-P63 
Nv Buffer Nv 



yU\ Port 7 yiJ\ 

(^ ) Latch ^ 4 )>P7o-P73 
NV Buffer NV 
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Memory Map 

Figure 1 shows the ROM memory map of the 
//PD7507/08. 

Figure 1. ROM Map 



Address 

[Decimal] 

MSB 



Address 
[Hex] 
LSB 



T | , | , | ^ | ^|« | « | .. | « 1 «««„ RESET puise vectors proj 
7|6|5|4|3| 2|1 |0 OOOH Execution to Address OOH 



1023 
1024 



_2047 
2048 



RESET Pulse Vectors Program 



INTT [Internal Timer/Event 
Counter Interrupt] Vectors 
Execution to 01 OH 
INTO/S [External Interrupt 0/ 
Serial interface Interrupt] 
Vectors Execution to 020H 

INT1 [Externalinterrupti] 
Vectors Execution to 030H 



OCOHj LHLT instruction 
OCFh) ««*«''«"<^« Table 



3FFH 
400H 



CALT Instruction 
Reference Table 



Last address for 
CALL Instruction 
entry for /^PD7507 

L^st address for 
CALL instruction 
entry f or //PD7508 



Clock Control Circuit 

The clock control circuit consists of a 4-blt clock mode 
register (bitsCMi and CM2), prescalers 1 , 2, and 3, and 
a multiplexer. It takes the output of the system clock 
generator (CL) and count clock generator circuit (X). It 
also selects the clock source and divides the signal 
according to the setting in the clock mode register. It 
outputs the count pulse (CP) to the timer/event counter. 
Figure 2 shows the clock control circuit. 

Table 2 lists the codes set in the clock mode register by 
the OP or OPL instruction to specify the count pulse 
frequency. 



Table 2. 


Selecting the Count Pulse Frequency 


CM2 


CM] 


CMo 


Frequency Selected 













CL/256 








1 




X/64 





1 







X 





1 


1 




X 


1 










CL/32 


1 





1 




X/8 


1 


1 







Not used 


1 


1 


1 




Not used 




CMS 






TOUT Signal 











Disabled 




1 






Enabled 





Figure 2. Clock Control Circuit 



internal Bus 



System Clock 
Oscillator 



|CM3|CM2| CB/ll|cM0| Clock Mode Register 



f 



I 



CL1 
CL2 



Prescaler 1 

[1/4] 



IZ=I 



Crystal Clock Oscillator/ 
Event Counter Input 




Prescaler 2 

[1/8] 



kiy^ 






Prescaler 3 

[1/8] 



► CP 
(Timer/Event Counter) 
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Timer/Event Counter 

The timer/event counter consists of an 8-bit counter, 
an 8-bit modulo register, an 8-bit comparator, and a 
timer out flip-flop as shown in figure 3: 

The 8-bit count register is a binary 8-bit up-counter 
which is incremented each time a count pulse is Input. 
The TIMER instruction, a RESET signal, or an INTT 
coincidence signal clears it to OOH. 

The 8-bit modulo register determines the number of 
counts the count register holds. The TAMMOD In- 
struction loads the contents of the modulo register. 
RESET sets the modulo register to FFH. 

The 8-bit comparator compares the contents of the 
count register and the modulo register and outputs an 
INTT when they are equal. 



Figure 3. Timer/Event Counter 



7v 



■-[ 



>p 



8-Bit Modulo Register 



5 



8-Bit Comparator 



J} 



Count Hold 
Circuit 



H 



8-Bit Count Register I 



'""1 I Timer | ^ 

/\ I Out F/F I 

W TT 

[CLR 



INTT 

•- {Coincidence 

Signal) 



TOUT 
(to Serial 
Interface 
and Port 2) 



TIMER* 
RESET 
Note: 

1) CP is count pulse selected by the clock mode register. 

2) * Execution of instruction. 
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Serial Interface 

The 8-blt serial Interface allows the /iPD7507/08 to 
communicate with peripheral devices such as the 
//PD7001 A/D converter, the//PD7227 dot matrix LCD 
controller/driver, and other microprocessors or micro- 
computers. Figure 4 shows the serial interface. 

The s erial Interface consists of an 8-bit shift register, a 
3-bit SCK puls e cou nter, the SI input port, the SO 
output port, the SCK serial clock I/O port, and a 4-bit 
serial mode select register (MSR). The MSR selects 
serial I/O or port operation. 



Figure 4. Serial interface 



*ip 

*IPL" 



7Y 



PO3/SI o— 



PO2/SO o- 




PO1/SCK o- 



POo/INTOO- 




8-Bit Shift Register 

' 1 ' 



1 11.1 \ T 



:>:=l> 




SM3 

[To Interrupt 
Controller] 




* Command Execution 
System Clock 



-TOUT 
-<f> 



^INTS 

" (To Interrupt Circuit) 
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Interrupts 

The //PD7507/08 has four vectored, prioritized inter- 
rupts. Two of these interrupts, I NTT and I NTS, are 
internally generated from the timer/event counter and 
serial interface, respectively. INTO and INT1 are 
externally generated. Table 3 is a summary of the four 
interrupts. Figure 5 is the block diagram. 



Table 3. fjPD7507/08 Interrupts 



Source 



Function 



Location 



Priority 



ROM Vector Address 



INTT 
INTS 



Coincidence in timer/event counter 



Internal 



10H 



Transfer complete signal from serial interface 



Internal 



20H 



INTO 
INT1 



INTO pin 



External 



20H 



INT1 pin 



External 



30H 



Figure 5. Interrupt Block Diagram 



Serial MSR Bit 3 



INT10- 
INTS — 



■Multiplexer 




Sync 
Edge 
Detect 



Internal Bus 



-<) -inp 



Nonsync 
Edge 
Detect 



h^EK 



Nonsync 
Edge 
Detect 



Si 



S INT1 
R RQF 



^i 



S INTO/S 
RQF 



^ 



S INTT 

R RQP 



'Command Execution 



INT Enable I .. ' 

Register ' M«*»f 

I Enable 

0/S 1 i F/F 



TV 



"=€> 



£> 



^ 



Priority 
Control 



Vector 
Address 
Generator 



o 



^ standby 
Release 
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System Clock and Timing Circuitry 

Timing for the //PD7507/08 is internally generated 
except for a frequency reference, which can be an RC 
circuit or an external clock source. Connect the 
frequency reference to the on-chip oscillator for the 
feedback phase shift required for oscillation. Figure 6 
shows the connection for an RC circuit. Figure 7 shows 
the connection for an external clock source. 

The internal oscillator generates a frequency in the 
range 60 kHz to 300 kHz depending on the frequency 
reference. For example, at Vqd = 5 V, an 82-kO resistor 
and a 33-pF capacitor generate a frequency of 200 kHz. 
The oscillation frequency is fed to the clock control 
circuit. It is divided by two and the resulting signal is 
fed to the CPU and serial interface as shown In figure 8. 

Table 4 shows the operating status of the various logic 
blocks under the three power down-modes. 

Figure 8. System Clock Circuitry 



Figure 6. RC Circuit Connection 









CL1 
CL2 


VGOO II I 




83-002994A 



Figure 7. Externai Clocic Source Connection 
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CL1 
CL2 


Source 




83-002995A 



Crystal Clock 
Oscillator 



System Clock 
Oscillator 



Clock Control 
Circuit 



Count 
Pulse 

[CP] 



Timer/Event 
Counter 



System 
Clock 



C 



A 








Q 


STOP F/F 




HALT F/F 


R S 




R S 



Serial 
Interface 



P— ^ 

6 External SCK 



External SCK Source 



<^ 



<t 



_^uAiT Instruction 
— O HALT _ 

Execution 

STOP '"^♦'■"Ction 
^* ^^"•^ Execution 

— -o standby Release 
— O Reset 
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Table 4. Power-Down Operating Status 




Power-Down Mode 






Logic Block 


HALT 


STOP 


Data Retention Mode 


System clock 


(Note1) 


Disabled 


Disabled 


X2 


Normal 


Normal 


Disabled 


CPU 


Disabled 


Disabled 


Disabled 


RAM 


Data retained 


Data retained 


Data retained 


Internal registers 


Data retained 


Data retained 


Data retained 


Timer/event counter 


Normal 


(Note 3) 


Disabled 


Serial interface 


(Note 2) 


(Note 2) 


Disabled 


INTO 


Normal 


Normal 


Disabled 


INT1 


Normal 


Disabled 


Disabled 


RESET 


Normal 


Normal 


(Note 4) 



Note: 

(1) Supplied to timer/event counter but not to CPU or serial interface. 

(2) Can function normally if the serial MSR is set to get the SCK signal externally or from the TOUT signal. 

(3) Can function normally if the clock MSR is set to use XI as the source for the count pulse. 

(4) To enter the data retention mode, raise RESET while Vpo is lowered. To end the data retention mode, raise RESET when Vpo is raised, then 
lower it. INTT, INTO, INTS or RESET releases the STOP mode. RESET or any interrupt releases the HALT mode. 
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I/O Port Interfaces 

Figure9showsthe internal circuit configurations atthe 
I/O ports. 

Figure 9. Interface at Input/Output Ports 



Type A 



3h 



a^ 



— o Input 



TypeB 
POo/INTO, PO3/SI, RESET, INT1 



JJ 




Type D 

P30-P33, P20/PSTB, P2i/PT0UT, P22-P23 



Output 
Disable ~ 



fi 



CM 



^OHl 



3 Output 



TypeE 
PO2/SO, P40-P43, P50-P53, P60-P63, PI0-PI3, P70-P73 



Output 
Disable ~ 



K 



CH 



i>H 



N-ch 



Vdd Vss 

P-ch 



h 
V 



Input/ 
Output 



Typ e F 
PO1/SCK 



Vdd 



Output 
Disable ' 



E 



P-ch 



N-c 




Input/ 
Output 
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Absolute Maximum Ratings 




Capacitance 

Ta = 25°C,Vdd = 0V 






Operating temperature, Tqpt 


-10 to +70 °C 
-65 to +1 50 "C 


Parameter Symbol 


Limits 


Test 


Storage temperature, Tstg 


Typ Max 


Unit Conditions 


Power supply voltage, Vqd 


-0.3 to +7.0 V 


Input capacitance C| 


15 


pF f = 1MHz; 


All input and output voltages 


-0.3 to Vdd + 0.3 V 


Output capacitance Cq 


15 


P unmeasured pins 
P returned to Vss 


Output current high, Iqh 


-17 mA 
-30 mA 






One pin 

All pins, total 


I/O capacitance C|o 


15 


pF 


Output current low, Iql 
One pin 
Ports 1,2, 3, 7 
Ports 4, 5, 6 


17 mA 
25 mA 
25 mA 









Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



DC Characteristics 1 

For Vdd = 2-5 to 3.3 V (7507, 7508 only) 

TA = -10to+70<'C 





Symbol 




Limits 




Unit 


Test 


Parameter 


Mln 


Typ 


Max 


Conditions 


Input voltage, high 


V|H1 


0.8 Vdd 




Vdd 


V 


Except CL1, XI 




V|H2 


Vdd -0.3 




Vdd 


V 


CLI.XI 




VlHDR 


0.9VDDDR 




Vdddr + 0.2 


V 


RESET, data retention mode 


Input voltage, low 


V|L1 







0.2 Vdd 


V 


Except CL1, XI 




V|L2 







0.3 


V 


CLI.XI 


Output voltage, high 


VoH 


Vdd -0.5 






V 


IOH = -80M 


Output voltage, low 


Vol 






0.5 


V 


l0L = 350M 


Input leakage current, high 


'UHI 






3 


/uA 


Except GL1, XI; V| = Vdd 




VuH2 






10 


M 


CL1,X1 


Input leai<age current, low 


Ilili 






-3 


A/A 


Except GL1, XI ;V| = OV 




VLIL2 






-10 


M 


CL1,X1 


Output leakage current, high 


Iloh 






3 


M 


Vo = Vdd 


Output leakage current, low 


■lol 






-3 


M 


Vo = OV 


Supply voltage 


Vdddr 


2.0 






V 


Data retention mode 



Supply current 



Iddi 


50 


250 


A/A 


Normal operation, Vdd = 3 V ±10%; 
R = 240kO±2%,C = 33pF±5% 




35 


230 


M 


Normal operation, Vdd = 2-5 V; 
R = 240kn±2%,G = 33pF±5% 


IdD2 


0.3 


10 


M 


Stop mode, XI = V; Vdd = 3 V ±10% 




0.2 


10 


//A 


Stop mode, XI =0V; Vdd = 2.5 V 



'dddr 



0.2 



10 



//A Data retention mode, Vdddr = 2.0 V 



3-30 



SEC 



^PD7507I08 



DC Characteristics 2 

For VoD = 2.7 to 6.0 V (75CGOBE, 5 V ±10%) 

TA = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


Typ 


IVIax 


Conditions 


Input voltage, high 


V|H1 


0.7 Vdd 




Vdd 


V 


Except CL1,X1 




V|H2 


Vdd-0.5 




Vdd 


V 


CL1,X1 




ViHDR 


0.9VDDDR 




Vdddr + 0.2 


V 


RESET, data retention mode, 7507/08 only 


Input voltage, low 


V|L1 







0.3 Vdd 


V 


Except CL1,X1 




V|L2 







0.5 


V 


CL1,X1 



Output voltage, high 



VOH 



Vdd -10 



V Iqh = -1.0 mA; Vdd = 4.5 to 6.0 V, 7507/08 only 



Vdd-0.5 



V loH = -100 //A, 7507/08 only 



Vqhi 



Vdd -1.0 



V Iqh = -1.0mA,75CG08E only 





V0H2 Vdd - 0.75 




V 


Iqh = -5.0 mA,75CG08E only 


Output voltage, low 


Vol 


0.4 


V 


lOL = 1.6 mA; Vdd = 4.5 to 6.0 V, 7507/08 only 






0.5 


V 


loL = 400/iA, 7507/08 only 






0.4 


V 


Iql = -1.6 mA, 75CG08E only 


Input current, high 


l|H 


300 


//A 


75C608E only, V| = Vdd. MSEL 


Input current, low 


l|L 


-200 


M 


75CG08Eonly,V| = OV,lo-l7 


Input leakage current, high 


luHi 


3 


/"A 


Except CL1, XI; V| = Vdd 




'lih2 


10 


M 


CL1,X1 


Input leakage current, low 


'liu 


-3 


A/A 


Except CL1, XI ;V| = OV 




IlIL2 


-10 


M 


CLI.XI 


Output leakage current, high 


'loh 


3 


//A 


Vo = Vdd 


Output leakage current, low 


'lol 


-3 


/iA 


Vo = OV 


Supply voltage 


VddDR 2.0 




V 


Data retention mode, 7507/08 only 



Supply current 



Iddi 


300 


900 


//A 


Normal operation, Vdd = 5 V ±10%; 
R = 82kO±2%,C = 33pF±5% 




70 


300 


M 


Normal operation, Vdd = 3 V ±10%; 

R = 160 kO ±2%, C = 33 pF ±5%, 7507/08 only 


IdD2 


1.0 


20 


/iA 


Stop mode, XI = V; Vqd = 5 V ±10%, 7507/08 only 




0.3 


10 


A/A 


Stop mode, XI = V; Vqd = 3 V ±10%, 7507/08 only 




2 


20 


//A 


Stop mode, XI = V; Vqd = 5 V ±10%, 75CG08E only 



■dddr 



0.2 



10 



M Data retention mode Vdddr = 2.0 V, 7507/08 only 
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AC Characteristics 1 

For Vdd = 2.7 to 6.0 V (75CG08, 5 V ±10%) 



TA = -10to+70*'C 
















Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


iVIax 


Conditions 



System clock frequency 



^CC 



150 



200 



240 



kHz Vdd = 5.0 V ±10%; R = 82 kQ ±2% (Note 1) 



75 



100 



120 



kHz Vdd = 3.0 ±10%; R = 160 kQ ±2% (Note 1), 7507/08 only 



75 



135 



kHz Vdd = 3.0 ±10%; R = 160 kfi ±2% (Note 1), 7507/08 only 



10 410 kHz CL1, external clock. 50% duty; 

Vdd = 4.5 to 6.0 V, 7507/08 only, Vdd = 5 V ±5%, 75CG08E only 



125 



kHz CL1 , external clock, 50% duty; Vdd = 2.7 V, 7507/08 only 



300 



kHz CL1, external clock, 50% duty; 75CG08E only 



System clock rise and fall tcR, tcp 
times 



0.2 



//s CL1, external clock 



System clock pulse width tcH, tcL 



1.2 


50 


fjS 


CL1, external clock; Vdd = 4.5 to 6.0 V, 7507/08 only 


4.0 


50 


fjS 


CL1 , external clock; Vdd = 2.7 V, 7507/08 only 


1.5 


50 


/JS 


CL1, external clock, 75CG08E only 



1.2 



50 



//s CL1, external clock; Vdd = 5 V ±5%, 75CG08E only 



Counter clock frequency fxx 



25 



32 



50 



h 



kHz XI, X2, crystal oscillator 






410 


kHz 


X1, external pulse input; 50% duty; 
Vdd = 4.5 to 6.0 V, 7507/08 only 





125 


kHz 


XI, external pulse input, 50% duty; 
Vdd = 2.7 V, 7507/08 only 





300 


kHz 


XI, external pulse input; 50% duty, 75CG08 only 



410 



kHz XI, external pulse input; 50% duty; 
Vdd = 5 V ±5%, 75CG08E only 



Counter clock rise and fall txR, t/p 
times 



0.2 



/JS XI, external pulse input 



Counter clock pulse width txH, txL 1-2 



4.0 



1.5 



1.2 



fjs XI , external pulse input; Vdd = 4.5 to 6.0 V, 7507/08 only 



fjs XI , external pulse input; Vdd = 2.7 V, 7507/08 only 



fjs XI , external pulse input, 75CG08E only 



fjs XI, external pulse input; Vdd = 5 V ±5%, 75CG08E only 



SCK cycle time 



tKCY 



3.0 



8.0 



4.9 



16.0 



4.0 



A/s 



SCK as input; Vdd = 4.5 to 6.0 V, 7507/08 only 
VDD = 5V±5%.75CG08Eonly 



//s SCK as input, 7507/08 only 



fJS 



SCK as output; Vdd = 4.5 to 6.0 V, 7507/08 only 
Vdd = 5 V ±5%, 75CG08E only 



fjs SCK as output, 7507/08 only 



fjs SCK as input, 75CG08E only 







6.7 


fjS 


SCK as output, 75CG08E only 


SCK pulse width 


tKH. tKL 


1.3 


us 


SCK as input; Vdd = 4.5 to 6.0 V, 7507/08 only 
VDD = 5V±5%,75CG08Eonly 




4.0 


flS 


SCK as input 
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AC Characteristics 1 (cent) 

For Vdd = 2.7 to 6.0 V (75CG08, 5 V ±10%) 

TA = -10to+70«C 



Limits 



Parameter 



Symboi 



IVIin 



Typ Max 



Unit 



Test 
Conditions 



SCK pulse width 



tKH. tKL 



2.2 


fiS 


SCK as output, Vdd = 4.5 to 6.0 V, 7507/08 only 
VDD = 5V±10%,75CG08only 


8.0 


fJS 


SCK as output, 7507/08 only 


1.8 


AfS 


SCK input, 75C608E only 







3.0 


//S 


SCK as output, 75CG08E only 


SI setup time to SCK 1 


tSIK 


300 


ns 




SI hold time after SCK 1 


tKSI 


450 


ns 




SO delay time after SCK i 


tKSO 




850 ns 


Vdd = 4.5 to 6.0 V, 7507/08 only 
VDD = 5V±10%,75CG08Eonly 






1200 ns 


7507/08 only 


Port 1 output setup time to PSTB 1 


tpST 


(Note 2) 


/IS 


Vdd = 4.5 to 6.0 V, 7507/08 only 
VDD = 5V±10%,75CG08Eonly 




(Note 3) 


fjS 


7507/08 only 


Port 1 output setup time to PSTB t 


tSTP 


100 


ns 


Vdd = 4.5 to 6.0 V, 7507/08 only 
VDD = 5V±10%,75CG08Eonly 




100 


ns 


7507/08 only 


PSTB pulse width 


tSTL 


(Note 2) 


fjS 


Vdd = 4.5 to 6.0 V, 7507/08 only 
VDD = 5V±10%,75CG08Eonly 




(Note 3) 


fJS 


7507/08 only 


INTO pulse width 


tjOH. t|OL 


10 


fjS 




INT1 pulse width 


t|lH, t|iL 


2/fcc 
or2/fc 


fjS 




RESET pulse width 


tfiSH. tRSL 


10 


/JS 




RESET setup time 


tSRS 





ns 


7507/08 only 


RESET hold time 


tHRS 





ns 


7007/08 only 



Note: 



(1) RC network at CL1 and CL2; C = 33 pF ±5%.|AC/*'C|< 60 ppm. 

(2) (103) ^ 2(fcc or fc in kHz) - 0.8 //s. 

(3) (103) -^ 2(fcc or fc in kHz) - 2.0 //s. 
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AC Characteristics 2 

For Vdd = 2.5 to 3.3 V (7507, 7508 only) 

TA = -10to+70X 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


System clock frequency 


fee 


50 




80 


kHz 


R = 240kQ±2%(Note1) 






50 


64 


77 


kHz 


Vdd = 2.5 V; R = 240 kQ ±2% (Note 1) 




fc / 


10 




80 


kHz 


CL1, external clock, 50% duty 


System clock rise and fall 
time 


tCR. kf 






0.2 


fjS 


CL1, external clock 


System clock pulse width 


tCH. tCL 


6.25 




50 


/JS 


CL1, external clock 


Counter clock frequency 


fxx 


25 


32 


50 


kHz 


XI, X2, crystal oscillator 




fx 







80 


kHz 


XI, external pulse input, 50% duty 


Counter clock rise and fall 
time 


tXR. tXF 






0.2 


A/s 


XI, external pulse input 


Counter clock pulse width 


tXH. tXL 


6.25 






fJS 


XI, external pulse input 


SCK cycle time 


tKCY 


12.5 






fjS 


SCK as input 






25.0 






fjS 


SCK as output 


SCK pulse width 


tKH.tKL 


6.25 






A/s 


SCK as input 






11.5 






fJS 


SCK as output 


SI setup time to SCK T 


tSIK 


1 






A/S 




SI hold time after SCK T 


tKSI 


1 






A/S 




SO delay time after SCK i 


tKSO 






2 


A/S 




Port 1 output setup time to PSTB T 


tpST 


(Note 2) 






A/S 




Port 1 output hold time after PSTB T 


tSTP 


100 






ns 




PSTB pulse width 


tSTL 


(Note 2) 






A/S 




INTO pulse width 


t|OH. t|OL 


30 






A/S 




INT1 pulse width 


t|1H.t|1L 


(Note 3) 






A/S 




RESET pulse width 


tRSH. tRSL 


30 






A/S 




RESET setup time 


tSRS 









ns 




RESET hold time 


tHRS 









ns 





Notes: 

(1) RC network at CL1 and CL2; C = 33pF±5%,|AC/''C|<60ppm. 

(2) 103 ^ 2 (fee or fe in kHz) - 2.0. 

(3) 103 ^ 2 (fee or fe in kHz). 
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Timing Waveforms 

Timing Measurement Points 



Extemai interrupts 



VdD = 2.7 to 6.0 V 






Vdd 0. 

Test Points 
Vdd 0. 



./VodV/^ 
IVddA- 



Vdd = 2.5 to 2.7 V 



X 



.8 Vdd 
2 Vdd 



0.8 Vdd ■\/" 
0-2 Vdd A 




RESET 



Cioci(S 



CL . 
Input 



XL . 
Input 



./ 



^. .^^ 




Date Retention Mode 








-* Data Retention Mode - 

\ Vdddr / 




Vdd h*s"s* 

RESET ^ 


* HtHRS 

f \V|H1 

Vil\_ 

83-003319A 






VlHDR 



Seriai interface 



SCK~A^ 








-tKL- 






-tKH ^ 




■ 




i 


\ 




-•— tSIK — • 


-^tKSI-^ 






/ Valid \ 
^ Input Data / 




■^tKSO-* 






SO 


) 


f Valid Output Data 


X 






83-003316A 



Output Strobe 



— t 



Output Data 



>- 



^ / 
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Operating Characteristics 



fee vs Vdd 



fee vs R 











1 


300 




1 








CL1 CL2 1 












— — • 




R = 82 kO 


200 
150 

100 


• 














R = 160 kO 























-R = 240 kO— 


BO 


— 


"~~ 









500 


1 










n 


~ 








i 






-Vdd-5 


/k 












[Ta = 


= 25"CJ 






' s 


X 


^ 














100 


1 1 1 1 

CL1 CL2 

- ^wJ E 

1 III 


Vdd = 

! 1 ' 


^^. 














^^ 














, 


^ 


Ss 














■ 


^^^ 














Vdd = 2.5 7"^^ 
















^ 
















































?0 



























Supply Voltage Vdd [V] 



50 100 200 

Resistance R [kCi] 



fee VS Ta 



fe vs Vdd [External Clock] 



250 








VdD = 5V, 
_R = 82Jcg^ 






















150 


- CL1 CL2 - 












VdD = 3V, 
R = 160 kQ 




J — 










— ■ — 











C = 33 pF 

AC/°C <60 ppm 

1 






Vdd - 2.5 V, 
R = 240 kQ 



25 50 

Operating Temperature Ta [ °C] 




Supply Voltage Vdd [V] 







I 


KVS 


Vdd [External Clock 


] 




1 400 










[Ta = 25°C] 


^ 






^ 






g 


ti>t2:fx = J- 


r^ 










Counter Clock Input Freqt 


tl< 


2t: 

t2:fx = -l 
2t 


I 


/ 


Opera 


)eflned 
ting Voltag 


e 





















Idd VS Vdd 




Supply Voltage Vdd [V] 



Supply Voltage Vdd [V] 
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Operating Characteristics (cent) 

Ta = 25°C 



Iddi vsfcc 



Iddi vsTa 



500 

1 






1 




[Ta 


= 25°C] 


Q 


CL1 CL2 1 

l-AVV— ' 




^ 


^ 




33 ph 


J, 




^ 






c 
O 


^ 


^ 


VDD-5V 











^ 


^ 


Vdd = 3V 









50 100 150 200 250 

System Clock Oscillation Frequency fee [kHz] 



500 

1 










Q 













CL1 


CL2 


Vdd- 


5 V, R = 82 kn 


c 


R 






1; 100 










^ 






VdD = 3V, R = 160kn 

1 



25 

Operating Temperature Ta [ °C] 



lOH VS VOH 



lOL VS Vol 









[Ta = 25°C] 


VdD = 6v/ 


Add = 5 V 


Vdd = 4V 






/^ 








____ 




VdD = 3V 






___-— 


— Vdd = 2 


.5V 











I 2 3 

High-level Output Voltage Vqh [V] 




Low-Level Output Voltage Vql [V] 
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AfPD7507H/08H/75CG08HE 

4-Bit^ Single-Chip 

CMOS Microcomputers 



Description 

The //PD7507H, //PD7508H, and )LfPD75CG08HE are 
pin-compatible, high-speed (4.19 MHz), 4-bit, single- 
chip CMOS microcomputers with the/iPD7500 series 
architecture. The subroutine stack is implemented in 
RAM for greater nesting depth and flexibility. 

Thirty-two I/O lines are organized Into eight 4-bit 
ports: input port/serial Interface port 0, output ports 2 
and 3, and I/O ports 1, 4, 5, 6, and 7. 

The/LrPD7507H and //PD7508H execute 92 instructions 
of the^rPD7500 series A instruction set with a 2.86-//S 
instruction cycle time. 

Maximum power consumption is 3 mA at 5 V and less In 
the HALT and STOP low-power modes. 

The 75CG08HE is a piggyback EPROM prototyping 
chip that is pin-compatible with 7507H and 7508H. A 
2716 plugged Into the top of the 75CG08HE emulates 
the ROM of a 7507H. A 2732 emulates the ROM of 
7508H. When emulating the 7507H, the user must take 
care to use only the first 128 RAM locations. Although 
7507H and 7508H can operate over a range of 2.7 to 
6.0 V, 75CG08HE is limited to 5 V ±10%. Table 1 
summarizes the differences among 7507H, 7508H, and 
75CG08HE. 

Features 

D Single-chip microcomputer 
D Program ROM 

— /WPD7507H: 2048 X 8-bit 

— //PD7508H: 4096 X 8-bit 

— /IPD75CG08HE: piggyback EPROM 
D Data RAM 

— /IPD7507H: 128 X 4-bit 

— /UPD7508H: 224 X 4-bit 

— /iPD75CG08HE: 224 x 4-bit 
D 8-blt timer/event counter 
D Four 4-blt general purpose registers 
D Four vectored, prioritized Interrupts 
D Executes 92 Instructions of 7500 series A 

instruction set 
D 2.86-//S instruction cycle/4. 19-MHz external clock 
D Two standby modes 
D 32 I/O lines 

n LED direct drive (ports 2-5; 16 lines) 
D Low power HALT and STOP modes 



Ordering information 




Part No. 


Package Type 


Max Frequency 
of Operation 


//PD7507HC 


40-pin plastic DIP 


4.19 MHz 


A/PD7507HCU 


40-pin plastic shrink DIP 


4.19 MHz 


AIPD7507HGB-22 


44-pln plastic QFP 


4.19 MHz 


/iPD7508HC 


40-pin plastic DIP 


4.19 MHz 


iuPD7508HCU 


40-pin plastic shrink DIP 


4.19 MHz 


/iPD7508HGB-22 


44-pin plastic QFP 


4.19 MHz 


AiPD75CG08HE 


40-pin ceramic piggyback DIP 


4.19 MHz 



Pin Configurations 

40-PfVt Plastic DIP and Plastic Shrink DIP 















0OUTC 


1 


\y 


40 


H EVENT 


P2o/PSfB C 


2 




39 


Dvss 




P21/PT0UT C 


3 




38 


DP43 




P22E 


4 




37 


DP42 




P23C 


5 




36 


DP41 




Plod 


6 




35 


DP40 




PiiC 


7 




34 


1P53 




PI2C 


8 


^ 


33 


DP52 




PI3C 


9 





32 


DP5l 




P3oC 


10 


1 


31 


DP5o 




P3lC 


11 


30 


DP63 




P32C 


12 


% 


29 


DP62 




P33C 


13 




28 


DP61 




P7oC 


14 




27 


DP60 




P7lC 


15 




26 


3 PO3/SI 




P72C 


16 




25 


J PO2/SO 




P73C 


17 




24 


H PO1/SCK 




RESET C 


18 




23 


3 POo/INTO 




CL1 C 


19 




22 


DINT1 




VddC 


20 




21 


1CL2 


83-003434A 













50274 (NECEL-543) 
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Pin Configurations (cont) 

40'Pin Ceramic Piggyback DIP 













<^OUT C 


1 


^^ 


40 


3 EVENT 


P20/PSTBI: 


2 


A(PD75CG08HE 


39 


DVss 


P2^lPJ0U^Z 


3 








38 


DP43 


P22C 


4 


NCL 


i^^M 


DVdd 


37 


1P42 


P23 C 


5 


NCC 


2 27 


^^SEL3^ 


lP4i 


PioC 


6 


A7L 


3 26 


DVdd 


35 


DP4o 


PiiC 


7 


AeL 


4 25 


J As 


34 


DP53 


P12C 


8 


A5L 


5 24 


JA9 


33 


3P52 


P13E 


9 


A4L 


6 23 


J An 


32 


DP51 


P3oC 


10 


A3L 


7 22 


JVss 


31 


DP5o 


P3iC 


11 


A2L 


8 21 


HAio 


30 


DP63 


P32C 


12 


AlL 


9 20 


JCE 


29 


DP62 


P33 C 


13 


AoL 


10 19 


JI7 


28 


DP61 


P7oC 


14 


loL 


11 18 


Jl6 


27 


DP60 


P7iC 


15 


I1L 


12 17 


JI5 


26 


3 P03/SI 


PTzC 


16 


hC 


13 16 


II4 


25 


3 PO2/SO 


P73C 


17 


VssL 


14 15 


JI3 


24 


3 P01/SCK 


RESET C 


18 




23 


3 POo/INTO 


cue 


19 




22 


3 INT1 


VddC 


20 




21 


1CL2 










83-003761 A 



44-Pin Piastic QFP 



8P 

is is at s Hi 

nnnnnnnnnnn 


till- 


- I.LIL. 



Pin 1 1 1 




PI1 1 1 1 




PI9 1 1 1 












P3i 1 1 1 




P32 1 1 1 




P33 1 1 1 




P7o 1 1 1 




P7i 1 1 1 




NCI 1 1 



o 



A/PD7507H/08H 



■i 




-1 




X 




? 




c 




c 

1 


J 


c 




z 




: 




c 








Z1P53 
DP52 



D P63 
Zi P62 



Z! P61 

I] P60 



Pin identification 



40'Pin DiP, Shrinic DIP, and Piggybacl^ DIP 


No. 


Symbol 


Function 


1 


0OUT 


fcc/12 square wave 


2-5 


P2o/PSTB 
P2i/PT0UT, 
P22, P23 


Output port 2/output strobe pulse, 
timer out F/F signal 


6-9 


PI0-PI3 


I/O port 1 


10-13 


P30-P33 


Output port 3 


14-17 


P70-P73 


I/O port 7 


18 


RESET 


RESET input 


19,21 


CL1,CL2 


System clock inputs 


20 


Vdd 


Positive power supply 


22 


INT1 


External interrupt 


23-26 


POq/INTO, 
PO1/SCK, 
PO2/SO 
PO3/SI 


Input port 0/external interrupt, serial 
I/O interface 


27-30 


P60-P63 


I/O port 6 


31-34 


P50-P53 


I/O port 5 


35-38 


P40-P43 


I/O port 4 


39 


Vss 


Ground 


40 


EVENT 


External event input port 


44'PinQFP 


No. 


Symbol 


Function 


1-4 


PI0-PI3 


I/O port 1 


5-8 


P30-P33 


Port 3 output 


9,10, 
13,14 


P70-P73 


I/O port 7 


11-12 


NC 


Not connected 


15 


RESET 


RESET input 


16,18 


CL1,CL2 


System clock inputs 


17 


Vdd 


Positive power supply 


19 


INT1 


External interrupt 1 


20 


POq/INTO 


Porto input/Interrupt 


21 


PO1/SCK 


Porto input/Serial clock I/O 


22 


PO2/SO 


Porto input/Serial output 


23 


NC 


Not connected 


24 


PO3/SI 


Port input/Serial output 


25-28 


P60-P63 


I/O port 6 


29-32 


P50-P53 


I/O port 5 


33-36 


P40-P43 


I/O port 4 
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Pin Identification (cont) 



44'Pln QFP (cont) 




No. 


Symbol 


Function 


37 


Vss 


Ground 


38 


EVENT 


External event input 


39 


0OUT 


fcc/12 square wave 


40 


P2o/PSTB 


Port 2 output/Output strobe pulse 


41 


P2i/PT0UT 


Port 2 output/Timer out F/F signal 


42,43 


P22, P23 


Port 2 output 


44 


NC 


Not connected 


28-Pin EPROM Socket 


on Piggyback DiP 


No. 


Symbol 


Function 


1,2 


NC 


Not connected 


3-10 


A7-A0 


Address bits 7-0 


11-13 


I0-I2 


Data bits 0-2 


14,22 


Vss 


Ground 


15-19 


I3-I7 


Data bits 3-7 


20 


CE 


Chip enable 


21,23 


A10,A11 


Address bits 10, 11 


24,25 


A9, A8 


Address bits 9, 8 


26,28 


Vdd 


Positive power supply 


27 


MSEL 


Memory select 



Pin Functions 

POo/rNTO, PO1/SCK, [Port 0/External Interrupt, 
Serial Interface] PO2/SO, PO3/SI 

4-bit input port/serial I/O interface. This port can be 
configured as a 4-bit parallel input port or as the 8-bit 
serial I/O Interface under control of the serial mode 
select register. The seri al in put SI, serial output SO, 
and the serial clock SCK (active low) used for 
synchronizing data transfer make up the 8-bit serial I/O 
interface. Line POq is always shared with external 
interrupt INTO, a rising edge-triggered interrupt. If 
PQq/ INTO is unused, it should be connected to Vss- '^ 
PO1/SCK, PO2/SO, or PO2/SI are unused, connect them 
to Vss or Vdd- 

P1o-Pl3[Port1] 

4-bit input/three-state output port. Data output to port 
1 is strobed in synchronization with a P2o/PSTB pulse. 
Connect unused pins to Vss or Vdd- 



P20/PSTB, P2i/PT0UT, P22, P23 [Port 2] 

4-bit latche d three-state output port. Line P2o is shared 
with PSTB, the port 1 output strobe pulse. Line P2-| is 
shared with PTOUT, the timer out F/F signal. Leave 
unused pins open. 

P30-P33 [Port 3] 

4-bit latched three-state output port. Leave unused 
pins open. 

P40-P43 [Port 4] 

4-bit latched three-state output port. Can also perform 
8-blt parallel I/O with port 5. In input mode, connect 
unused pins to Vdd or GND. In output mode, leave 
unused pins open. 

PSa-PSo [Port 5] 

4-blt input/latched three-state output port. This port 
also performs 8-bit parallel I/O with port 4. In input 
mode, connect unused pins to Vss or Vdd- 'n output 
mode, leave unused pins open. 

P63-P60 [Port 6] 

4-blt input/latched three-state output port. The port 6 
mode select register configures individual lines as 
inputs or outputs. In input mode, connect unused pins 
to Vss or Vdd- '" output mode, leave unused pins open. 



P70-P73 [Port 7] 

4-bit input/latched three-state output port, 
mode, connect unused pins to Vss or Vdd- 
mode, leave unused pins open. 



In input 
In output 



0OUT [Clock Out] 

Outputs a square wave with frequency icc^^2. 

EVENT [External Event Input] 

Pulses on this line are counted by the timer/event 
counter and an interrupt is generated when a pre- 
determined count is reached. 

CL1, CL2 [System Clock Input] 

The system clock can be generated by connecting a 
crystal or a ceramic resonator across CL1 and CL2 and 
capacitors from each side of the crystal to ground. 
Alternatively a clock signal can be input to CL1 and its 
invert to CL2. See figure 1 . 
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RESET [Reset] 

A high level input to this pin initializes the 
//PD7507H/08H after power up. 

INT1 [Interrupt 1] 

External rising edge-triggered interrupt. Connect to 
Vss if unused. 

Vdd [Power Supply] 

Positive power supply. Apply a single voltage in the 
range 2.7 to 6.0 V for proper operation. 

Vss [Ground] 

Ground. 



Table 1. Features Comparison 





/[IPD75CG08H 


//PD7507H/7508H 


Program memory 


2Kx8EPR0M(2716) 
4K X 8 EPROM (2732) 


2Kx 8 masked ROM (7507H) 
4Kx 8 masked ROM (7508H) 


Data memory 


224x4 


128 x 4 (7507H) 
224 X 4 (7508H) 


Data retention 
mode 


Use more current 
than 7507H, 7508H 


Yes 


Power supply 


5V±10% 


2.7 to 6.0 V 


Package types 


40-pin ceramic 
piggyback DIP 


40-pin plastic DIP 
40-pin plastic shrink DIP 
44-pin plastic QFP 



Block Diagram 



n 



Program Memory 
[12-BitSyuPD7508H] 
[11-Bits/uPD7507H] 



5Z 



Program Counter 
4096 X 8-Bit ROM [//PD7508H] 
2048 X 8-Bit ROM [a(PD7507H] 



1 


1 


! 




System 

Cloclt 

Generator 


standby 
Control 











1/8 fee ► 

CL *- 


Cloclt 
Control 
Circuit 




Timer/Event 
Counter 


— 


Interrupt 
Controller 


- 


Serial I/O 
Interface 








0^ 


► tou 


■0 








d i 



P02/SO 
P01/SCK 

INTO/POo 



PO3/SI 



INTS 



"Y^ 



-V" 

ALU 



:> 



Instruction 
Decoder 




General Registers 



D[4] 


E[4] 


H[4] 


L[4] 


Stack Pointer [8] 


Data Memory 
224 X 4-Bit RAM [//PD7508H] 
128 X 4-Bit RAM [//PD7507H] 



o 



o 



A- Porto /V~^i 
\, Buffer \, 1 



O -- 0"°-" 



I K Port 2 K 

y Latch 4 y P20-P23 

[/ Buffer ]// P20/PST 



AK Port 4 yLK 
^ ) Latch C^ 4 N P40-P43 
NTK Buffer NTK 



I K Porta _k 

y Latch 4 > P30-P33 
K Buffer K 



[ P20/PSTB 
yP2i/PT0UT 



) 



yLK Port 5 AX 
Q ) Latch r 4 >P5o-P53 
\rv Buffer NV 



yLK Port 6 AK 
^ ) Latch ^ 4 > P60-P63 
NV Buffer VK 



a Port 7 AX 
Latch ^ 4 > P70-P73 
Buffer NV 
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Figure 1 


Syst 


em Clock Options 


30pF= = 

soppL 
iopf£ 

<20pFL 




A. 


Ceramic Oscillator 




CL1 
CL2 


Recommended 
Max Freq 
Vdo Freq Range [Note 1] 
4.5 to 6.0 V 0.9 to 4.2 MHz 4.0 MHz 
3^8 to 6.0 V 0.9 to 2.5 MHz 2.0 MHz 
2.7 to 6.0 V 0.9 to 1 .1 MHz 1 .0 MHz 


i=J 






B. 


Crystal Oscillator 




CL1 
CL2 


Vdd Freq Range Typical Freq 
4.5 to 6.0 V 3.5 to 4.2 MHz 4.19 MHz 
Oscillator stabilization time tos = 25 ms [Note 2] 


^ 






c 


Exte 


rnal Clock 




CL1 
CL2 


CL1 
Vdd Freq Range tCR and tcF 
4.5 to 6.0 V 0.1 to 4.2 MHz 110 ns 
2.7 to 6.0 V 0.1 to 1.8 MHz 900 ns 
Notes: 
[1] Due to ceramic oscillator tolerance, operation at 

[2] A crystal frequency of 4.194304 MHz will yield a 
divider. 

83-003763A 


74HC00 


->- 









Memory Map 

Figure 2 shows the ROM program map of the 
7507H/7508H. 



Clock Control Circuit 

The clock control circuit consists of a 4-bit clock mode 
register (bits CM0-CM3), prescalers 1, 2, and 3, and a 
multiplexer. It takes the output of the system clock 
generator (CL) and external EVENT input. It also 
selects the clock source and divides the signal 
according to the setting in the clock mode register. It 
outputs the count pulse (CP) to the timer/event 
counter. Figure 3 shows the clock control circuit. 

Table 2 lists the codes set in the clock mode register by 
the OP or OPL instruction to specify the count pulse 
frequency. Bit CM3 controls the timer out F/F; it is 
disabled when the bit is and output when the bit is 1 . 



Table 2. 


Selecting the Count Pulse Frequency 


CM2 


CMi 


CMq 


Frequency Selected 











fcc/1536 (or CL/256) 








1 


tcc/512 = (fcc/8)(1/64) 





1 





EVENT input 





1 


1 


Not used 


1 








fcc/192 (or CL/32) 


1 





1 


tcc/64 = (fcc/8)(1/8) 


1 


1 





Not used 


1 


1 


1 


Not used 



Figure 2. ROM Map 



Address 

[Decimal] 

MSB 



Address 
[Hex] 
LSB 



1023 
1024 



.2047 
2048 



Hi 



5 4 3 2 1 



OCFH I 
ODOH ) 



3FFH 
400H 



RESET Pulse Vectors Program 
Execution to Address OOOH 

INTT [Internal Timer/Event 
Counter Interrupt] Vectors 
Execution to 01 OH 
INTO/S [External Interrupt 0/ 
Serial Interface Interrupt] 
Vectors Execution to 020H 

INT1 [External Interrupt 1] 
Vectors Execution to 030H 



LHLT Instruction 
Reference Table 



CALT Instruction 
Reference Table 



7FFH Last Address for CALL Instruction Entry 
800H /iPD7507H 



Last Address for CALL Instruction Entry 
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Figure 3. Clock Control Circuit 



To Timer/ 
Event Counter 



|CM3,'CM2}CMi jCMo| 



7 



J 



1/8fcc- 



CL- 
[1/6 feci 



Prescaler 1 

[1/4] 




u 




Prescaler 2 

[1/8] 



Prescaler 3 

[1/8] 



5^ 






-►CP 

Count Pulse to 
Timer/Event Counter 



'Instruction execution 



Timer/Event Counter 

The timer/event counter consists of an 8-bit counter, 
an 8-bit modulo register, an 8-bit comparator, and a 
timer out flip flop as shown in figure 4. 

The 8-bit count register is a binary 8-bit up counter, 
which is incremented each time a count pulse is input. 
The TIMER instruction, a RESET signal, or an INTT 
coincidence signal clears it to OOH. 

The 8-bit modulo register determines the number of 
counts the count register holds. The TAMMOD in- 
struction loads the contents of the modulo register. 
RESET sets the modulo register to FFH. 

The 8-bit comparator compares the contents of the 
count register and the modulo register and outputs an 
INTT one clock pulse after they are equal. 



Serial Interface 

The 8-bit serial interface allows the//PD7507H/08H to 
communicate with peripheral devices such as the 
//PD7001 A/D converter, the//PD7227 dot matrix LCD 
controller/driver, and other microprocessors or 
microcomputers. 

The s erial interface consists of an 8-bit shift register, a 
3-bit SCK puls e cou nter, the SI input port, the SO 
output port, the SCK serial clock I/O port, and a 4-bit 
serial mode select register (MSR). The MSR selects 
serial I/O or port operation. 

Interrupts 

TheA(PD7507H/08H has four vectored, prioritized inter- 
rupts. Two of these interrupts, INTT and I NTS, are 
Internally generated from the timer/event counter and 
serial interface, respectively. INTO and INT1 are 
externally generated. Table 3 is a summary of the four 
interrupts. 



Table 3. 


fjPD7507H/08H Interrupts 








Source 


Function 


Location 


Priority 


ROM Vector Address 


INTT 


Coincidence in timer/event counter 


Internal 


1 


10H 


INTS 


Transfer complete signal from serial interface 


Internal 


2 


20H 


INTO 


INTO pin 


External 


2 


20H 


INT1 


INT1 pin 


External 


3 


30H 
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7\ 



TCNTAM* y » 



'-[ 



^ 



8-Bit Modulo Register 



S 



8-Bit Comparator | y > (Coincidence 

Signal) 



Count Hold 
Circuit 



I 8-Bit Count Register I 



I Timer I ^ 
>N Out F/F 

It 



TIMER* 
RESET 



1) CP is count pulse selected by the clock mode register. 

2) 'Execution of instruction. 



TOUT 
(to Serial 
Interface 
and Port 2) 



Figure 5. System Clocic Circuitry 



0OUT 
[349 kHz] ^ 



Crystal 
Oscillator 



fee 



1/2 
CLR 



*Command Instruction 



1/4 
CLR 



Clock for Timer/Event Counter 
"^ [524 kHz] 
-►CL 

[698 kHz] 



[349 kHz] 




-Stop* 
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System Clock and Timing Circuitry 

There are four time bases available for the 
//PD7507H/08H. Table 4 shows these bases and the 
frequencies generated. 

The CPU clock is used by the CPU and serial interface. 
The system clock is used by the timer/event counter 
and the INT1 signal. 



Table 4. /jPD7507H/08H Time Bases 


Base 


Symbol 


Frequency 


Derivation 


System clock 


CL 


698 kHz 


fcc/6 (4.19 MHz/6) 


CPU clock 





349 kHz 


fcc/12 (4.19 MHz/12) 


External clock 


0OUT 


349 kHz 


fcc/12 (4.19 MHz/12) 


Timer/event 
counter clock 


— 


524 kHz 


fcc/8 (4.19 MHz/8) 



I/O Port Interfaces 

Figure 6 shows the internal circuit configurations at the 
I/O ports. 



Figure 6. Interface at Input/Output Ports 



TypeB 
POo/INTO, INT1, PO3/SI, RESET, EVENT 




H 



Type C 

'^OUT 

Vdd 



H 



H 



vss 



3 Output 



Type D 

P20/PSTB, P21/PT0UT, P22, P23, PSq-PSs 



Output _ 
Disable ~ 



H 



Vdd 
P-ch 



!^>4t 



— O Output 



Vss 
Note: Upon RESET, both transistors are turned off. 



TypeE 
PI0-PI3, PO2/SO, P40-P43, P50-P53, P60-P63, P70-P73 



Output 
Disable ' 



Output 
Disable ' 



Vdd 



E 



PCHl 



^OHl 



N-ch 

Vdd Vss 



Ih 



Typ e F 
PO1/SCK 



fi 



p-ch 






Input/ 
Output 




ch 
Vss 



Input/ 
Output 
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Absolute Maximum Ratings 

Ta = 25°C 

Operating temperature, Tqpt 



Capacitance 



-10to70°C 



Storage temperature, Tstg 



-65to150°C 



Power supply voltage, Vqd 



-0.3 to +7.0 V 



All input and output voltages 



—0.3 to Vdd + 0.3 V 



Output current, high, Iqh 
One pin 
All pins, total 



-5 mA 
-20 mA 





Symbol 


Limits 


Test 


Parameter 


Typ Max 


Unit Conditions 


Input capacitance 


C| 


15 


pF f = 1MHz; 


Output capacitance 


Co 


15 


P unmeasured pins 
P returned to Vss- 


I/O capacitance 


C|0 


15 


pF 



Output current, low, Iql 
One pin 
Ports 6, 7 
Total ports 



17 mA 

20 mA 

200 mA 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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DC Characteristics 

Ta = -10 to +70X; Vdd = 2.7 to 6.0 V (5 V ±10% for 75CG08HE) 



Limits 



Parameter 



Symbol 



IVIin 



Typ 



iVIax 



Unit 



Test 
Conditions 



Input voltage, high 



V|H1 



0.7 Vdd 



Vdd 



Except CL1,CL2 



V|H2 



Vdd -0.5 



Vdd 



CL1,CL2 





VlHDR 


0.9VDDDR 


VdDDR + 0.2 


V 


RESET, data retention mode,//PD7507H/08H 
only 


Input voltage, low 


V|L1 





0.3 Vdd 


V 


Except CL1,CL2 




V|L2 





0.5 


V 


CL1,CL2 



Output voltage, high 



VoH 



Vdd -10 



Iqh = -10 mA; Vdd = 4.5 to 6.0 V; except 
Aii/Vpp,for//PD75CG08HE 



Vdd -0.5 



IOL = -100/yA 







Vdd- 


-0.75 




V 


Aii/Vpp; Iqh = -5 mA OwPD75CG08HE only) 


Output voltage, low 


Vol 




0.5 


1.5 


V 


Iql = 12 mA; Vdd = 4.5 to 6.0 V; Ports 2-5 








0.4 


V 


Iql = 1.6 mA; Vdd = 4.5 to 6.0 V; Ports 6-7 








0.5 


V 


Iql = 400 M 


High level input current (MSEL) 


l|H 


V|N = 


= Vdd 


300 


M 


A/PD75CG08HE only 


Low level input current (I0-I7) 


l|L 


V|N = 


= 0V 


-200 


M 


A/PD75GG08HE only 


Input leakage current, high 


Ilihi 






3 


M 


Except CL1,CL2;V| = Vdd 




'lIH2 






20 


M 


CL1,CL2;V| = Vdd 


Input ieal<age current, low 


'lili 






-3 


M 


Except CL1,GL2;V| = 0V 




'lIL2 






-20 


/iA 


CL1,CL2;V| = 0V 


Output lealcage current, high 


Iloh 






3 


A/A 


Vo = Vdd 


Output leakage current, low 


Ilol 






-3 


//A 


Vo = OV 


Supply voltage 


Vdddr 


2.0 


6.0 


V 


Data retention mode,/iPD7507H/08H only 



Supply current 



Iddi 


900(1) 
1000 (2) 


3000 (1) 
3000 (2) 


M 
A/A 


Normal operation, Vdd = 4.5 to 6.0 V; 
fee = 4.19 MHz 




150(2) 


700 (2) 


A/A 


Normal operation, Vdd = 2.7 to 3.3 V; 
fee = 1 MHz, A/PD7507H/08H only 


IdD2 


350 (1) 
500 (2) 


800 (1) 
1100(2) 


A/A 
A/A 


HALT mode, XI = V; Vdd = 4.5 to 6.0 V; 
fee = 4.19 MHz 




70(2) 


180 (2) 


A/A 


HALT mode, XI = V; Vdd = 2.7 to 3.3 V; 
fee = 1 MHz, //PD7507H/08H only 


'dds 


0.1 


10 


A/A 


STOP mode, A/PD7507H/08H only 



0.5 



50 



A/A STOP mode, //PD75CG08HE only 



Notes: 

(1) Crystal oscillation; C1 = C2 = 10 pF. 

(2) Ceramic oscillation; C1 = C2 = 30 pF. 
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AC Characteristics 

Ta = -10 to +70°C; Vdd = 2.7 to 6.0 V (5 V ±10% for 75CG08HE) 




Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


Typ 


Max 


Conditions 


System cycle time 


tCY 


2.86 




120 


//S 


Vdd = 4.5 to 6.0 V 




11 




120 


A(S 




EVENT input frequency 


fE 







700 


kHz 


Vdd = 4.5 to 6.0 V 









150 


kHz 




EVENT input high 


tEH 


0.7 






//S 


Vdd = 4.5 to 6.0 V 


EVENT input low 


tEL 


3.3 






us 





SCK cycle time 



tKCY 



2.5 


fjS 


SCK as input; Vdd = 4.5 to 6.0 V 


10 


fiS 


SCK as input 


2.86 


fjS 


SCK as output; Vdd = 4.5 to 6.0 V 


11 


//S 


SCK as output 


1.1 


A/s 


SCK as input; Vdd = 4.5 to 6.0 V 


4.5 


us 


SCK as input 


1.3 


//S 


SCK as output; Vdd = 4.5 to 6.0 V 



SCK pulse width 



tKH. tKL 







5.0 




fjS 


SCK as output 


SI setup time to SCK t 


tsiK 


300 




ns 




SI hold time after SCK t 


tKSI 


450 




ns 




SO delay time after SCK i 


tKSO 




850 


ns 


Vdd = 4.5 to 6.0 V 






1200 


ns 




Port 1 output setup time to 
PSTBt 


tpST 


(Note 1) 




ns 


Vdd = 4.5 to 6.0 V 


(Note 2) 




ns 




Port 1 output hold time after 
PSTBt 


tSTP 


80 




ns 




PSTB pulse width 


tsWL 


(Note 1) 




ns 


Vdd = 4.5 to 6.0 V 




(Note 2) 




ns 




INTO pulse width 


t|OH. t|OL 


10 




US 




INT1 pulse width 


t|1WH. t|1WL 


1 (Note 3) 




tCY 




RESET pulse width 


tRSH. tRSL 


10 




us 




RESET setup time 


tSRS 







ns 




Clock stabilization time 


tos 


25 




ms 


Vdd = 4.5 V 



Notes: 

(1) (3 ^ fee or fc)- 350. 

(2) (3 ^ fee or fc)- 1000. 

(3) teY = i2^feeorfe- 
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Timing Waveforms 

Clocks 



CL1 Input 



«• — tcf *CR- 



f \^ 



Timing Measurement Points 








Wojvdd 

Ao.3Vdd 


0.7VddY 
0.3VddA 




83-003411 A 



Seriai Interface 



SCK >^ 






tKL- 






■ 




■J 






*-tSIK— . 


*.tKSI-» 






^ Valid \ 
^ Input Data J 




— tKSO — 






SO 


) 


^ Valid Output Data 


X 
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External Interrupts 




Reset 




STOP Mode 



EVENT input 




Vdd 



\ 



- Data Retention— 
VODDR 



/ 



HALT 
■Mode 



/^^v 
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Operating Characteristics (cent) 



Oscillator Frequency vs Supply Voltage 



Oscillator Frequency vs Supply Voltage 
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Supply Voltage, Vdd [V] 
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Oscillator Frequency vs Supply Voltage 




Supply Voltage, Vdd [V] 



Oscillation Frequency, fee [MHz] 
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Operating Characteristics (cent) 





■ . 


Clock Frequency vs Supply Voltage 
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Vol vs. Iol [Ports 2-7] 



Vdd ~fi^^— 
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>^DD = 4 


1 






// 






Vdd = 3V 








//^ 










r 











Output Voltage - V 
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//PD7527A/28A/75CG28E 

4-Bit, Single-Chip 

CiMOS IMicrocomputers 

With FiP® Driver 



Description 

The /iPD7527A, /iPD7528A, and mPD75CG28E are 4-bit, 
single-chip CMOS microcomputers with the jl(PD7500 
architecture and FIP direct-drive capability. 

The//PD7527A contains a 2048 x 8-bit ROM and a 1 28 x 
4-bit RAM. The//PD7528A contains a 4096 x 8-bit ROM 
and 160 X 4-bit RAM. 

The ptPD7527A/28A contains two 4-bit general purpose 
registers located outside RAM. The subroutine stack is 
Implemented in RAM for greater depth and flexibility. 
The ^PD7527A/28A typically executes 67 instructions 
with a 5p(S instruction cycle time. 

The |[iPD7527A/28A has one external and two internal 
edge-triggered hardware-vectored interrupts. It also 
contains an 8-bit timer/event counter and an 8-bit serial 
interface to help reduce software requirements. 

Thirty-one high-voltage lines are organized into the 3-bit 
output port 2, the 4-bit output ports 3, 8, and 9, and the 4- 
bit I/O ports 4, 5, 10, and 11. 

The low power consumption CMOS process allows the 
use of a power supply between 2.7 and 6.0 V. Current 
consumption is less than 3.0 mA maximum, and can be 
further reduced In the halt and stop power-down modes. 

The ptPD75CG28E is a piggyback EPROM version of the 
fiPD7527A/28A. Pin-compatible and function- 
compatible with the final, masked versions of the 
/iPD7527A/28A, the /iPD75CG28E is used for prototyp- 
ing and for aiding in program development. 

Features 

D 67 instructions 
D Instruction cycle: 

— Internal clock: 3.3/iS/600 kHz, 5 V 

— External clock: 3.3 ji^s /600 kHz, 5 V 

D Upwardly compatible with the /^PD7500 series 

product family 
D 4,096 X 8-bit ROM OiPD7528A/75CG28E) 

2,048 X 8-bit ROM (hPD7527A) 
D 160 X 4-bit RAM (mPD7528A/75CG28E) 

128 X 4-bit RAM OiPD7527A) 
D 35 I/O lines 
D 31 high-voltage output lines that can directly drive a 

vacuum fluorescent display (FIP) 
D Can select either a pull-down resistor or open-drain 

output per 31 high-voltage outputs (mask optional) 

FIP is the registered trademark for NEC's fluorescent indicator panel (vacuum 
fluorescent display). 



n Vectored interrupts: one external, two internal 

n 8-bit timer/event counter 

D 8-bit serial interface 

□ Standby function (HALT, STOP) 

D Data retention mode 

D Zero-cross detector on POq/INTO input (mask 

optional) 
D System clock (piPD7527A/7528A/75CG28E): on-chip 

RC oscillator 
D CMOS technology 
D Low power consumption 
D Single power supply 

— /iPD7527A/7528A:2.7to6.0V 

-iL(PD75CG28E:5.0V 



Ordering information 




Part 

Humber Package type 


Max Frequency 
of Operation 


/iPD7527AC/28AC 42-pin plastic DIP 


610 kHz 


MPD7527ACU / 28ACU 42-pin plastic shrink DIP 


610 kHz 


/iPD75CG28E 42-pin ceramic piggyback DIP 


500 kHz 



Pin Configuration^ 

lxPD7S27AI2BA, 42Pin Plastic DIP or Shrink DIP 















RESET C 


1 


\J- 


42 


:3Vss 


CLIII 


2 




41 


3 POq/INTO 




CL2C 


3 




40 


3 PO1/SCK 




VpreC 


4 




39 


3 PO2/SO 




Vload '- 


5 




38 


3 PO3/SI 




PSaC 


6 




37 


Upso 




P52C 


7 




36 


DP3i 




P5iC 


8 




35 


1P32 




P5oC 


9 


i 
< 


34 


1P33 




P23C 


10 


33 


DP4o 




P22C 


11 


32 


1P41 




P2i/PT0UT C 


12 


^ 


31 


1P42 




PIO3C 


13 


=^ 


30 


1P43 




PIO2I: 


14 




29 


DP80 




PIO1C 


15 




28 


DP81 




PIO0C 


16 




27 


DP82 




PII3C 


17 




26 


IP83 




PII2C 


18 




25 


DP9o 




PII1C 


19 




24 


lP9l 




PII0C 


20 




23 


DP92 




VddC 


21 




22 


DP93 


49-00 1078 A 













50275 (NECEL-509) 
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Pin Configurations (cont) 

IaPD75CG28E, 42-P'm Ceramic Piggyback DIP 



IJLPD75CG28E EPROM 















RESET C 


1 


\^ 


42 


PVss 


cue 


2 


MPD75CG28E 


41 


J POq/INTO 




CL2I: 


3 




40 


U POySCK 




VpreC 


4 


VddO 1 280VDD 


39 


2 PO2/SO 




NCC 


5 


NC 2 270 MSEL 


38 


\2 PO3/SI 




P53E 


b 


A7 6 3-f65vDD 


37 


np3o 




P52 C 


/ 


1 1 


36 


1 P3i 




P5lC 


8 


AgO 4 250A8 
A5O 5 24OA9 


35 


:P32 




P5oC 


9 


A4O 6 230Aii 


34 


pP33 




P23C 


10 


1 1 


33 


3P4o 




P22 C 


11 


A3O 7 220 Vss 


32 


DP4l 




P2i/PT0UT C 


1? 


A2O 8 210^10 
AiA 9 2o6cE 


31 


DP42 




PIO3 c 


13 


30 


pP43 








AoOlO I9OI7 








PIO2 c 


14 


.A X. 


29 


DP80 




PIOiC 
PIO0C 


15 
16 


I0OII 180I6 
I1612 176 15 
I2613 16014 


28 
27 


:P8i 
IP82 




PII3C 


17 


VssOl4 I5A13 

> 


26 


DP83 




PII2 c 


18 


25 


DP9o 




PII1C 


19 


24 


:]P91 




PII0C 


20 


EPROM: 2732 


23 


DP92 




VddC 


21 




22 


DP93 


49-001 079A 













Pin Identification 



I^PD7527A/28A and ixPD75CG28E 



No. 


Symbol 


Function 


1 


RESET 


Reset input 


2,3 


CL1, CL2 


Clock pins 


4 


VPRE 


High-voltage predriver supply 


5 


Vload 


High-voltage option resistor supply 
7527A/28Aonly 


6-9 


P50-P53 


High-voltage I/O port 5 


10,12 


P23. P22 
P2i/PT0UT 


High-voltage output port 2, and output 
port from timer /event counter (PTOUT) 


13-16 


PIO0-PIO3 


High-current, high-voltage 1 /O port 10 


17-20 


PII0-PII3 


High-voltage, high-current I/O port 11 


21 


Vdd 


Positive power supply 


22-25 


P90-P93 


High-voltage, high-current output port 9 


26-29 


P80-P83 


High-voltage, high-current output port 8 


30-33 


P40-P43 


High-voltage I/O port 4 


34-37 


P30-P33 


High-voltage output port 3 


38 
39 
40 
41 


PO3/SI 
PO2/SO 
PO1/SCK 
POq/INTO 


4-bit input of port 0; or serial data input 
(SI), seri_al data output (SO), serial clock 
I/O (SCK), and external interrupt input 
(INTO) or zero-cross detect input (POq). 


42 


Vss 


Ground 



No. 


Symbol 


Function 


1 


Vdd 


Connection to pin 21 of jwPD75CG28E 


2 


NO 


No connection 


3-10, 21, 
24,25 


A0-A10 


EPROM address output 


11-13, 15-19 


I0-I7 


Data read input from the EPROM 


14 


Vss 


Connection to EPROM GND pin 


20 


CE 


Chip enable output 


22 


Vss 


Supplies EPROM OE signal 


23 


A11 


Program counter MSB output 


26 


Vdd 


Supplies Vcc to the EPROM 


27 


MSEL 


Mode select input 


28 


Vdd 


Supplies high-level signal to MSEL 



Note: 

(1) Output drivers on ports 2-5 and 8-11 are mask-optional. Accordingly, 
either an open-drain output or a pull-down resistor can be selected. 
Vload 's suitable for an output driver with a pull-down resistor. 

(2) Ports 2-5 are suitable as FIP segment signal outputs, and ports 8-11 
are suitable for FIP digit signal outputs. 

(3) Ports 8-11 have high-current drive capability and can drive an LED 
directly. 

Pin Functions, jl(PD7527A/28A and 
iL(PD75CG28E 

RESET 

System reset (input). 

CL1, CL2 

Connection to the RC oscillator. CL1 is the external 
clock input. 

VpRE 

Negative power supply for high-voltage output pre- 
drivers (for ports 2-5, 8-11). 

Vload 

Negative power supply for optional load resistors (pull- 
down resistors) of high-voltage output drivers (for ports 
2-5, 8-11). This pin Is only on the jLtPD7527A/28A. 

P53-P50 

4-bit, high-voltage I/O port 5. 

P21-P23 

3-bit, high-voltage output port 2. 
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PTOUT 

Output port from the timer/event counter. 

PIO3-PIO0 

4-bit, high-voltage, high-current I/O port 10. Capable of 
bit set/reset by SPBL/RPBL Instructions. 

PII3-PII0 

4-bit, high-voltage, high-current I/O port 11 Capable of 
bit set/reset by SPBL/RPBL Instructions. 

Vdd 

Positive power supply. 

P93-P90 

4-bit, high-voltage, high-current output port 9. Capable 
of bit set/ reset by SPBL/RPBL instructions. 

P83-P80 

4-bit, high-voltage, high-current output port 8. Capable 
of bit set/reset by SPBL/RPBL instructions. 

P43-P40 

4-bit, high-voltage I/O port 4. 

P33-P30 

4-bit, high-voltage output port 3. 

PO0-PO3 

4-bit input port 0. POq is also used as the zero-cross de- 
tection input. 

SI 

Serial data input. 

SO 

Serial data output. 

SCK 

I/O serial clock. 

INTO 

External interrupt input. 

vss 

Ground. 



Pin Functions, mPD75CG28E EPROiyi 

MSEL 

Changes the addressing area of the external EPROM 
and the on-chip RAM (with a pull-down resistor). Con- 
necting a jumper between socket pins 27 (MSEL) and 28 
(Vdd) selects ^PD7527A mode (2-Kbyte EPROM, 128 x 4- 
bit RAM). Leaving MSEL open selects /iPD7528A mode 
(4-Kbyte EPROM, 160 x 4-bit RAM). 

A0-A10 

Output the low-order 11 bits of the program counter 
(PC0-PC10). Used as EPROM address signals. 

A11 

When MSEL is high level, A-n outputs high-level signals. 
When MSEL is open. An outputs the MSB of the PC, 
which is used as the most significant address signal of 
the 4-Kbyte EPROM 2732. 

I0-I7 

Input data read from the EPROM. 

CE 

Outputs the chip enable signal to the EPROM. 

Vdd 

Pin 26 is electrically equivalent to the bottom Vdd pin 
and is used to supply Vqc to the EPROM. Pin 28 is elec- 
trically equivalent to the bottom Vdd P'" and is used to 
supply the high level signal to MSEL. Pin 1 connects to 
pin21ofMPD75CG28E. 

Vss 

Pin 14 is electrically equivalent to the bottom Vss P'n in 
voltage, and is connected to the EPROM GND pin. Pin 
22 is electrically equivalent to the bottom Vss P'" and is 
used to supply the OE signal to the EPROM. 

Instruction Set 

Refer to the User's Manual. The instruction set appears 
also as subset A4 in the data sheet for the ^PD7500 se- 
ries of single-chip microcomputers. 
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Block Diagram, /iPD7527AI28A 



POqI 


INTO 












INTO 


PO1/SCK PO3/SI 
f PO2/SO 1 








POo'^ 










1 




\ t \ 




Zero- 
Cross 
Detector 




Clock 
Control 


CP 


Timer/ Event 
Counter 


INTT 


Interrupt 
Control 


INTS 


Serial 
Interface 






r 

cu 












o^~ <> 




















VpRE VloaD 

1 I 



H 



TV 



Program Counter (11/12) 



H 



Program Memory 

is((/Pr 

4096x8Bits(^PD7528A) 



2048x8Bits(f/PD7527A) 



^ 



f f 




System 

Clock 

Generator 


Standby 
Control 









Instruction 
Decoder 



t t 



Vdd Vss reset 



Porto Aj-I 
Buffer \p_J 



PO0-PO3 




H 



General Registers 



Stack Pointer (8) 



s 



Data Memory 
128x4Bits(i^PD7527A) 
160x4Bits(|uPD7528A) 






O 



Port 2 
Latch 
Buffer 



X> 



yiX Port 4 
( ) Latch 
VK Buffer 



Porta 
Latch 
Buffer 



t> 



<■> 



P21-P23 
PT0UT/P21 



P30-P33 



P40-P43 



yiK Port 5 yLJ\ 
( > Latch ( 4 > 
\jT/ Buffer \rv 



> P50-P53 



I K Port 8 N 

} Latch 4 > P80-P83 
I 1/ Buffer 1/ 



Port 9 
Latch 
Buffer 



t> 



P90-P93 



a Port 10 AK 
Latch \ 4 > 
Buffer NTK 



PIO0-PIO3 



yiK Porti 
( y Latch 
\fK Buffer 



er \n/ 



PII0-PII3 
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Block Diagram, jkPD75CG28E 



POq/INTO 



A0-A10 /rT 



MSEL- 



iQ-lyflj) 



Zero- 
Cross 
Detector 



POo 



Clock 
Control 



Timer/Event 
Counter 



Interrupt 
Control 



PO1/SCK PO3/SI 
PO2/SO 



Serial 
Interface 






^-^r ^ 



Address 
Control 



Instruction 
Buffer 



J__L 



System 

Clock 

Generator 



Standby 
Control 



7\ 




:> 



Instruction 
Decoder 



H 



General Registers 



H(4) 



L(4) 



Stack Pointer (8) 



hb t 

Vqd Vcc Vss Vss reset 



n. 



n 



Address Decoder 



Data Memory 
160 X 4 Bits 



/^-\ >AN Port 5 
\rv^ \rv^ Buffer 







AN. Port 4 
( ) Latch 
NV Buffer 



Port 3 
Latch 
Buffer 



O 



O 



P30-P33 



P40-P43 



P50-P53 



I K Port 8 N 

) Latch 4 > P80-P83 
I 1/ Buffer \/ 



Ports 
Latch 
Buffer 



^ 



y/LK Port 10 
C } Latch 
\tv Buffer 



O 



P90-P93 



PIO0-PIO3 



At\ Port 11 yUV 
( ; Latch ( 4 > PII0-PII3 
\|V Buffer NTV 



Absolute Maximum Ratings 

Ta = 25°C 



Power supply voltage, Vdd 




-0.3tO+7V 


Power supply voltage, Vload (/iPD7527A / 28A) 


Vdd- 


-40 V to Vdd +0.3 V 


Power supply voltage, VpRE 


Vdd 


- 12 V to Vdd +0.3 V 


Input voltage, except ports 4, 5, 10, 11, V|n 


- 


0.3 V to Vdd +0.3 V 


Inputvoltage, ports4, 5, 10, 11,V|N 


Vdd- 


-40 V to Vdd +0.3 V 


Output voltage, except ports 2-5, 8-11, Vq 


- 


0.3 V to Vdd +0.3 V 


Output voltage, ports 2-5, 8-11, Vq 


Vdd- 


-40VtoVDD+0.3V 


Output current high, per pin: POi, PO2; Iqh 




-15 mA 


Output current high, per pin: ports 2-5, 8-11; Iqh 




-30 mA 



Output current high, ports 3, 4, 8, 9 total 


'oh 


-55 mA 


Output current high, ports 2, 5, 10, 11 total, Iqh 


-55 mA 


Output current low, per pin, Iql 




15 mA 


Output current low, all ports total, Iql 




15 mA 


Operating temperature, Tqpt 




-10°Gto+70°C 


Storage temperature, TsTG 




-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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DC Characteristics 



IAPD7527A/28A 

Ta = - 10°C to +70°C, Vdd = +2.7 V to 6.0 V 



Limits 



Parameter Symbol iMin IVp Max Unit 



Test 
Conditions 



Input voltage, 


V|L1 





0.3 Vdd 


V 


Port 0, RESET 


low 


V|L2 





0.5 


V 


CL1 




V|L3 


Vdd-35 


0.3 Vdd 


V 


Ports 4, 5, 10, 11 


Input voltage, 


V|H1 


O.ZVdd 


Vdd 


V 


Port 0, RESET 


high 


V|H2 


Vdd-0.5 


Vdd 


V 


CL1 




V|H3 


0.7VDD 


Vdd 


V 


Ports 4, 5,10,11; 

4.5V<Vdd< 

6.0V 



Vdd-0.5 



Vdd 



V Ports 4, 5,10,11; 
2.7V<Vdd< 
4.5V 



Output voltage, Vql 
low 



0.4 



V POi, P02;4.5V< 
Vdd < 6.0 V; 
l0L=1.6mA 



0.5 



V POi, PO2; 
IOL=400/iA 



Output voltage, Vqh Vdd- 2.0 
high 



V Ports 2-5, 
l0H=-4mA 
(Notel) 







Vdd- 


-2.0 




V 


Ports 8-11, 

IOH=-10mA 

(Notel) 




Vdd- 


-2.0 




V 


Ports 2-5, 
IOH=-2mA 
(Note 2) 




Vdd- 


-2.0 




V 


Ports 8-11, 
IOH=-5mA 
(Note 2) 




Vdd- 


-1.0 




V 


POi, PO2; 
IOH=-1mA 
(Note 3) 




Vdd- 


-0.5 




V 


PO1, PO2; 
Ioh=-100mA 


Input leakage 
current, low 


'liu 






-3 


mA 


V|N=OV;POo-P03 
(Note 4) 




Ilil2 






-40 


mA 


V,N=OV;POo 
(Note 5) 




Ilil3 






-10 


IaA 


V|N = 0V;CL1 




IlIL4 






-10 


mA 


V|n=Vdd-35V; 
ports 4, 5, 10, 11 


Input leakage 
current, high 


'urn 






3 


mA 


Vin=Vdd; 

POo-P03(Note4) 




Ilih2 






40 


mA 


Vin=Vdd;poo 

(Note 5) 




IlIH3 






10 


mA 


v,n=Vdd:Cli 



'lIH4 



80 



mA V|N=VDD;ports4, 
5, 10, 11 







Limito 




Unit 


Test 


Parameter 


Symboi Min 


TVP 


Max 


Conditions 


Output leakage 


Iloli 




-3 


(A 


Vo = OV;POi, PO2 


current, low 


IlOL2 




-10 


mA 


Vo=Vdd-35V; 
ports 2-5, 8-11 


Output leakage 
current, high 


Ilohi 




3 


mA 


Vo= Vdd; except 
ports 4, 5,10,11 




IlOH2 




80 


mA 


Vo= Vdd; ports 4, 
5, 10, 11 


Supply current, 
normal operation 


Iddi 

1 


1.0 


3.0 


mA 


Vdd=5V±10%, 
R = 39kQ 






0.4 


1.0 


mA 


Vdd=3V, 
R = 82kQ 



Supply current, 
HALT mode 
(Notes) 



IdD2 



200 600 



mA Vdd=5V±10%, 
R = 39kQ(Note4) 



60 200 



mA Vdd=3V, 

R = 82kQ(Note4) 



210 640 



mA Vdd=5V±10%, 
R = 39kQ(Note5) 



67 230 



mA Vdd=3V, 

R=82kQ(Note5) 



Supply current, Idds 
STOP mode 
(Note 6) 



0.1 



^Jl^ VDD=3V(Note4) 



40 



p(A Vdd=5V±10% 
(Note 5) 



30 



/iA VDD=3V(Note5) 



On-chip pull- Rl 
down resistance 



80 140 



220 



kQ Vdd-Vl0AD = 35V 



Note: 

(1) VpRE = Vqd - 9 V ±1 V. The circuit in figure 5 is recommended. 

(2) VpRE = 0VVDD = 4.5Vto6.0V 

(3) Vdd = 4.5 V to 6.0 V 

(4) Without zero-cross detector. 

(5) With zero-cross detector. 

(6) Ports 4, 5, 10, 11 are low level output or low level input. 
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iAPD75CG28E 

Ta= -lOXto +70°C,Vdd= +5V±10% 



Umits 



limits 



Paramator Symboi Min IVp Max Unit 



Tast 
Conditions 



Input voltage, 


V|L1 





0.3VDD 


V 


Porto, RESET 


low 


V|L2 





0.5 


V 


CL1 




V|L3 


Vdd-35 


0.3VDD 


V 


Ports 4, 5, 10, 11 


Input voltage. 


V|H1 


0.7VDD 


Vdd 


V 


Porto, RESET 


high 


V|H2 


Vdd-0.5 


Vdd 


V 


CL1 




V|H3 


0.7VDD 


Vdd 


V 


Ports 4, 5, 10, 11 


Output voltage, 
low 


Vol 




0.4 


V 


P0i, PO2: 
l0L=1.6mA 






0.5 


V 


PO1.PO2; 
l0L=400/iA 


Output voltage, 
high 


VOH 


Vdd-2.0 




V 


Ports 2-5, 
IOH=-4mA(1) 




Vdd-2.0 




V 


Ports 8-11, 
IOH=-10mA(1) 




Vdd-2.0 




V 


Ports 2-5, 
IOH=-2mA(2) 




Vdd-2.0 




V 


Ports 8-11, 
IOH=-5mA(2) 







Vdd-1-0 




V 


PO1, PO2; 
IOH = -1mA 


Input current, 
low(lo-l7) 


l|L 




-200 


mA 


V,N=OV 


Input current, 
high (MSEL) 


i|H 




300 


mA 


V|N=Vdd 



Paramatar Symk>oi Min lyp Max Unit 



Tast 
Conditions 



Input leakage 
current, low 


Ilili 


-3 


mA 


V|N=OV;POo-P03 




Ilil2 


-40 


mA 


V|N=OV;POo 




Ilils 


-10 


mA 


V|N=0V;CL1 




Ilil4 


-10 


mA 


V|N=VDD-35y; 
ports 4, 5, 10, 11 


Input leakage 
current, high 


'um 


3 


/iA 


Vin=Vdd: 
PO0-PO3 




Ilih2 


40 


mA 


Vin=Vdd:POo 




IlIH3 


10 


mA 


V|n=Vdd;Cli 




IlIH4 


80 


mA 


V|N = VDD:ports4, 
5, 10, 11 


Output leakage 


•loli 


-3 


mA 


Vo = OV;POi,P02 


current, low 


IlOL2 


-10 


/iA 


Vo=Vdd-35V; 
ports 2-5, 8-11 


Output leakage 
current, high 


Ilohi 


3 


mA 


Vo= Vdd; except 
ports 4, 5, 10, 11 




IlOH2 


80 


mA 


Vo= Vdd; ports 4, 
5, 10, 11 


Supply current, 
normal operation 


Iddi 


1.0 3.0 


mA 


R=39kQ 


Supply current, 
HALTmode(3) 


IdD2 


210 630 


mA 


R=39kQ 


Supply current. 


IdD3 


10 50 


mA 





STOPmode(3) 



Note: 

(1) VpRE = Vqq - 9 V +1 v. The circuit in figure 6 is recommended. 

(2) VpRE = OV 

(3) Ports 4, 5, 10, 11 are output off or low input. 



Figure 1. Recommended Circuit, jjlPD 7527 A 1 7528 A 



Vdd 



|xPD7527 VpRE 
/7528 



Vload 



vss 



4= a^ 



3.3 iiF 



Figure 2. Recommended Circuit, iJiPD75CG28E 



Vdd 



fiPD75CG28 



VpRE 



^ 'ii 
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Zero-Cross Detection Characteristics 

mPD7527A/28A:Ta= -10°Cto +70°C,VDD = 4.5Vto6.0V 
/iPD75CG28E:TA= -10Xto +70X, Vdd= -h5V±10% 



AC Cliaracteristics 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVp 


Max 


Conditions 


Zero-cross 
detection input 
voltage 


Vzx(P-P) 


1 




3 


Vp-P 


AC coupled, 
C=OAfxf 


Zero-cross 
accuracy 


Vazx 






±100 


mV 


50 Hz to 60 Hz sine 
wave 


Zero-cross 
detection input 
frequency 


tzx 


45 




1000 


Hz 





Zero-Cross Detection Waveform 



AC Input 




I Vazx Vzx(p.p) 



Note: In the above waveforms, both O-to-1 and 1-to-O transitions of the zero-cross 

detection signal delay from the low-to-high and high-to-low transitions of the AC 
input signal, respectively. However, it is possible that the zero-cross detection 
leads low-to-high and/or high-to-low transition(s) of the AC input signal. 

- 49-001 055A 



Capacitance 

Ta = 25 °C, Vdd = V, f = 1.0 MHz, Unmeasured pins returned to GND 







Limits 




Unit 


Test 




Symbol Min 


TVp 


Max 


Conditions 


Input 
capacitance 


C| 




15 


PF 


POo.POa 


Output 


Co 




15 


PF 


Port 2 


capacitance 






35 


pF 


Ports 3, 8, 9 


I/O 


C|0 




15 


pF 


POi, PO2 


capacitance 






35 


pF 


Ports 4, 5, 10, 11 



IAPD7527A/28A 

TA=-10Xto-l-70°C, 


Vdd = 


-i-2.7Vto6.0V 








Symbol 




Limits 




Unit 


Test 




Min 


TVp 


Max 


Conditions 


Cycle time 
(Notel) 


tcv 


3.3 




200 


JUS 


VDD = 4.5VtO 
6.0V 




6.9 




200 


MS 




POo event input 
frequency 


fpo 







610 


kHz 


VDD = 4.5VtO 
6.0V 









290 


kHz 




POq input rise 
time 


tpOR 






0.1 


MS 




POo input fall 
time 


tpOF 






0.1 


ixs 




POq input pulse 
width, low 


tpOL 


1.63 






MS 




POo input pulse 
width, high 


tpOH 


0.72 






MS 


VDD = 4.5VtO 
6.0V 



SCK cycle time tKcv 3.0 



3.3 



6.9 



SCK pulse 
width, high 



tKH 



1.4 



1.55 



MS 



Input; Vdd=4.5V 
to 6.0 V 



MS 



Output; 

VDD=4.5Vto 

6.0V 



ias Input 







8.0 


p(S Output 


SCK pulse 


tKL 


3.35 


/iS Input 


width, low 


3.9 


jLis Output 



MS 



Input; Vdd=4.5V 
to 6.0 V 



MS 



Output; 

VDD=4.5Vto 

6.0V 



SI set-up time tsiK 
(to rising-edge 
of SCK) 


300 




ns 




SI hold time tKsi 
(after rising- 
edgeofSCK) 


450 




ns 




SO output delay Ikso 
time (after 




850 


ns 


VDD=4.5Vto 
6.0V 


falling-edge of 
SCK) 




1200 


ns 




INTO pulse tioH. 
width, high, low t|OL 


10 




MS 




RESET pulse tRSH, 
width, high, low tRSL 


10 




MS 
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AC Characteristics (cent) 



^PD75CG28E 

TA=-10°Cto+70°C, 


Vdd = 


-1-5 V ±10% 








Symbol 




Limits 


Unit 


Test 


Parameter 


MIn 


TVP IMax 


Conditions 


Cycle time 
(Note1) 


tCY 


4.0 


200 


MS 




POq event input 
frequency 


fpo 





500 


kHz 




POq input rise 
time 


tpOR 




0.2 


MS 




POq input fall 
time 


tpOF 




0.2 


MS 




POq input pulse 
width, high, low 


tpOH. 
tpOL 


0.8 




ptS 




SCK cycle time 


^KCY 


3.0 




/iS 


Input 




4.0 




MS 


Output 


SCK pulse 
width, low 


tKL 


1.8 




MS 


Output 


SCK pulse 
width, high 


tKH 


1.3 




MS 


Input 


SI set-up time 
(to rising-edge 
of SCK) 


tsiK 


300 




ns 




SI hold time 
(after rising- 
edge of SCK) 


tKSI 


450 




ns 




SO output delay 
time (after 
falling-edge of 
SCK) 


tKSO 




850 


ns 




INTO pulse t|OH, 
width, high, low t|OL 


10 




MS 




RESET pulse 
width, high, low 


tRSH. 
^RSL 


10 




MS 




Data input delay tAcc 
time from 
address 




700 


ns 




Data input_d_elay tcE 
time from CE 




700 


ns 




Input hold time 
after address 


tlH 







ns 





Note: 

(1) tcY = 2/fccor2/fc 

AC Waveform Measurement Points (Except CL1) 



X0.7VDD, 
0-3 VPD" 



Test 
Points 



0.7VDD\r 
0-3VDD.A 



Oscillation Characteristics 

MPD7527A/28A 

Ta = -lO'^C to -HTCy'C, Vdd = 2.7 V to 6.0 V 



Parameter 


Symbol MIn 


Typ 


Max 


Unit 


Condltons 


System clock 

oscillation 

frequency 




fee 


300 


400 


500 


kHz 


R = 39 kO ±2% 
Vdd = 4.5 V to 
6.0 V 


(Note 1) 


150 


200 


250 


kHz 


R = 82 kQ ±2% 


System clock 
CL1 Input 
frequency 
(Note 2) 




h 


10 




610 


kHz 


Vdd = 4.5 V to 
6.0 V 


10 




290 


kHz 




CL1 input rise 
time (Note 2) 




tCR 






0.1 


pis 




CL1 input fail 
time (Note 2) 




*eF 






0.1 


fiS 




CL1 Input 
pulse widtii, 
iow(Note2) 




tCL 


0.7 




50 


l*s 




CL1 Input 
pulse width, 
liigh (Note 2) 




tCH 


1.63 




50 


|ttS 


Vdd = 4.5 V to 

6.0 V 


iAPD75CG28E 

Ta= -10Xto +70°C,Vdd = 5V 


±10% 








Symbol 


Limits 




Unit 


Test 


Parameter 


MIn lyp 


Max 


Conditions 


System clock 


foe 


- 


300 400 


500 


kHz 


R=39kQ±2% 


oscillation 
frequency 
(Note1) 


110 1 


50 


190 


kHz 


R=110kQ±2% 


System clock 
CL1 input 
frequency 
(Note 2) 


k 




10 




500 


kHz 




CL1 input rise 
time (Note 2) 


tCR 








0.2 


MS 




CL1 input fall 
time (Note 2) 


tCF 








0.2 


MS 




CL1 input pulse 
width, high, low 


tCH 
tCL 




0.8 




50 


MS 





Note: 

(1) R,C (see figure 3). (2) External clock (see figure 4). 

Figure 3. Recommended RC Oscillator Circuit 



CLI CL2 








R 






iN\ 




CZ. 


L_ 




r 




■^ 




C = 33 pF ± 5% lACI < 60 ppm/°C 






49-00 1059 A 
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Figure 4. Recommended External Clock Circuit 





CL1 CL2 




1 i 

ICMOS 

49-001 060A 



Stop Mode Low Voltage Data Retention 
Characteristics 

IXPD7527A/28A 



Ta = - 10X to +70°C 
















Limits 




Unit 


Test 


Parameter Symbol 


MIn 


TVp 


Max 


Conditions 


Data retention Vdddr 
supply voltage 


2,0 




6.0 


V 




Data retention Idddr 
supply current 




0.3 


10 


mA 


VddDR=2V 
(Note1) 






7 


30 


mA 


Vdddr=2V 
(Note 2) 


Data retention V|hdr 
RESET input 
voltage high 


0.9VDDDR 


Vdddr 

-hO.2 


V 




RESET set-up tsRs 
time 









/iS 




RESET hold time tHRs 









MS 




IAPD75CG28E 

TA=-10°CtO+70°C 






Limits 




Unit 


Test 


Parameter Symbol 


Min 


TVp 


Max 


vonaiiions 


Data retention Vdddr 
supply voltage 


2.0 




5.5 


V 




Data retention Idddr 
supply current 




7 


30 


/^A 


VdDDR=2V 


Data retention V|hdr 
RESET input 
voltage high 


0.9 Vdddr 


Vdddr 

+0.2 


V 




RESET set-up tsRs 
time 









MS 




RESET hold time Ihrs 









IJLS 





Note: 

(1) Without zero-cross detector 

(2) With zero-cross detector 



Data Retention Mode Timing 



Vdd- 



Executlonof 
STOP Instruction 



©-^ 



® 



tSRS 



-Data Retention Mode- 



V© 



® 



*HRsh— 



Operating 
Mode 






©Vdddr ©V|hi @V|hdr ®V|li 

Note: In data intention mode, all inputs should be made lower level than Vdddr- 



p(PD75CG28E EPROM Interface 

A 4-Kbyte EPROM (2732) plugs into socket pins on top of 
the ptPD75CG28E. A high input to IVISEL selects 
/iPD7527A mode and fixes the A-n output high level in or- 
der to access the upper 2-Kbytes of the 4-Kbyte EPROM. 
When MSEL is open, /iPD7528A mode is selected. All 
EPROM addresses can be accessed because A-j-j func- 
tions as the MSB of the address. Figure 5 shows the ad- 
dress control unit. Figures 6 and 7 show the 
/iPD75CG28E connected with the 2732. 

Figure 8 shows the EPROM read timing. Data is read 
Into the instruction buffer at the end of the T4 state. The 
chip enable (CE) signal is made active during 2 states 
(T3, T4) in order to decrease the power consumption of 
the EPROM. 

Figures. Address Control Unit 



MSB of _ 
Address Buffer 



to Address Decoder ^ 
of Data Memory 



d> 



— o<3- 



On-chip 
pull-down 
resistor 



Vss 



Aii 
-O 



Vdd(28) 



;: 



SWon:f^PD7527AMode 
SW off: MPD7528A Mode 



3-62 



HEC 



MPD7527A/28AI75CG28E 



Figure 6. Connection with the 2732 (ijPD7S27A Mode) Figure 7. Connection with the 2732 (/jiPD7S28A Mode) 



MPD75CG28E 






2732 


Vdd(26) 






Vcc 

A11 

A0-A10 

CE 

6e 

O0-O7 

GND 






Vdd (28) 

MSEL 

Aii(high) 

A0-A10 

CE 






K 




V 




Vss{22) 

I0-I7 

Vss(14) 


A 


/ 









^PD75CG28E 



Vdd (26) 
Vdd (28) 

MSEL 

A0-A11 

CE 
Vss(22) 

I0-I7 

Vss(14) 



-(open) 
-(open) 



^ 



C 



Vcc 



A0-A11 

CE 
OE 

O0-O7 



Figure 8. EPROM Read Timing 













T4 


r 


T1 


V 


T2 


T3 


V 


T4 


CL1 
(External) 


\ 






/ 


/ \ 


A0-A11 




r 






A 


ddress 






X 


CE 


>— 







/ 


l0-'7 






-h; 


Read Data 


—y 

49-001072A 
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Timing Waveforms 

EPROM (iJiPD75CG28E only) 




Clock 



CL1 Input 



-1/fc- 



-tCL- 



tCR— ^ 



-tCH- 



/ \ 



U-tCF 



POq Input 



-1/fpo- 



-tpOL- 



^. ,'' 



tpOR-* 



-tpoH- 



♦-tpOF 



Differences Among the 
/iPD7527AI28AICG28E 





MPD75CQ28E 


MPD7527A mPD7528A 


Program memory 


4 Kbyte EPROM 
(2732) 
connectable 
on top 


On-chip 2 Kbyte On-chip 4 Kbyte 
ROM ROM 


Data memory 
(RAM) 


160x4 


128x4 160x4 


High-voltage 
output lines 


All open-drain 
outputs 


On-chip load capacitor or open drain 
output (bit by bit, mask optional) 


Vload pin 


No 




Zero-cross 
detection 


Yes 


Mask optional 


Package 


42-pin ceramic 
piggyback DIP 
bottom pin 
compatible with 
HPD7527A/28A 


42-pin plastic DIP 

42-pin plastic 

shrink DIP 


Power supply 


5V 


2.7Vto6.0V 



Serial Interface 



\ ,'' \ 



tSIK 



tKSI 



^ Input Data ^ 



tKSO 



y: 



Output Data 



XI 



Interrupt Input 




Reset Input 
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A/PD7533/75CG33E 

4-Bit, Single^Chip 

CMOS Microcomputers 

Witli A/D Converter 



Description 

Tiie //PD7533 is a 4-bit, singie-cliip CI\/IOS micro- 
computer witli a 4-ciiannei, 8-bit A/D converter, 8-bit 
timer/event counter, and an 8-bit serial interface. Tiie 
//PD7533 has 30 I/O lines, 8 of which can be used to 
directly drive LEDs. The//PD7533 executes 67 Instruc- 
tions of the iuPD7500 series "A" Instruction set. 

The A/D converter has various temperature monitoring 
applications that can be used with household electrical 
appliances, such as air conditioners and electric 
ovens. Other applications Include health monitoring 
equipment and cameras. 

The //PD75CG33E consists of a 28-pin socket "piggy- 
backed" on the lower 42-pin ceramic DIP. This socket 
is configured to hold either a 2732A or 2764 EPROM. 
For engineering purposes, programs can be tried and 
debugged before ROM code submission. 

Features 

D 4-bit single chip microcomputer 

D 67 instructions (subset of )uPD7500 series set A) 

D Instruction cycle 

— 5 /iS at 5 V, 400-kHz clock at ceramic oscillation, 
DIVSEL = high 

— 10 //s at 5 V, 400-kHz clock at ceramic 
oscillation, DIVSEL = low 

D Program memory (ROM): 4096 words x 8 bits 

— External in the //PD75CG33E 

D Data memory (RAM): 160 words x 4 bits 

D 8 high current output lines for LED direct drive 

D Input/output ports 

— Two 4-bit input ports 

— One 2-bit output port 

— One 4-bit output port 

— Three 4-bit input/output ports (two of these 
can function in 8-bit units) 

— One 4-bit input/output port usable at bit level 
D Interrupts: two internal and one external 

D 8-bit serial interface 
D Standby operation 

— STOP mode 

— HALT mode 

D On-chip system clock oscillator 

— Ceramic resonator 

— Full or 1/2 oscillation frequency 
D CMOS technology 

D Low power consumption 
D Single power supply 



Ordering information 




Part 
Number 


Package 
Type 


Maximum 
Frequency 
of Operation 


//PD7533C 


42-pin plastic DIP 


510 kHz 


//PD7533CU 


42-pin plastic shrink DIP 


510 kHz 


//PD7533G-22 


44-pln plastic QFP 


510 kHz 


//PD75CG33E 


42-pin ceramic piggyback DIP 


510 kHz 



Pin Configurations 

42'Pin Plastic DIP or Plastic Shrink DIP 











P43C 


1 '^ 


^ 42 3 Vss 


P42C 


2 


41 3 P5o 


P4i C 


3 


40 3 P5i 


P4o C 


4 


39 


DP52 


P22C 


5 


38 


=lP53 


P21/PT0UT C 


6 


37 


3 CL2 


P73C 


7 


36 


p CL1 


P72C 


8 


35 


1 DIVSEL 


P7iC 


9 


34 


3 RESET 


P7olI 


10 S 33 


3 POo/INTO/EVENT 


P33C 


11 B 32 


3 POi/scR 


P32C 


12 a. 31 


3 P02/SO 


P3iC 


13 


30 


3 PO3/S1 


P3oC 


14 


29 


DP1o 


AVss C 


15 


28 


DP11 


AN3C 


16 


27 


DP12 


AN2C 


17 


26 


DP13 


AN1 C 


18 


25 


DP60 


ANOC 


19 


24 


DP61 


Varef C 


20 


23 


3 P62 


VddC 


21 


22 


H P63 
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Pin Configurations (cont) 

42'Pin Ceramic Piggyback DIP 



Pin Identification 















P43C 


1 


\^ 


42 


::vss 


P42 E 
P4lC 


2 
3 


A(PD75CG33E 


41 
40 


DP50 
DP51 


P4oC 


4 






39 


DP52 


P22C 


5 


vddi: 


1 ^ 


■^ 


IVdd 


38 


DP53 


P21/PT0UT C 


6 


VssC 


2 


27 


IVdd 


37 


DCL2 


P73C 


7 


A7E 


3 


28 


DVdd 


36 


DCLI 


P72C 


8 


AeC 




25 


DA8 


35 


3 DIVSEL 


P7iE 


9 


AsC 




24 


3 As 


34 


3 RESET 


P70C 


10 


A4C 




23 


3 All 


33 


J POq/INTO/EVENT 


P33C 


11 


AsC 




22 


DVss 


32 


H PO1/SCK 


P32C 


12 


A2C 




21 


DA10 


31 


3 PO2/SO 


P3lC 


13 


AlC 




20 


ICE 


30 


H PO3/SI 


P30C 


14 


AoC 


10 


19 


3\7 


29 


H PI0 


AVss C 


15 


IqC 


11 


18 


Dl6 


28 


DPI1 


AN3C 


16 


I1C 


12 


17 


DI5 


27 


DPI2 


AN2C 


17 


I2C 


13 


16 


DI4 


26 


3P13 


AN1 C 
ANOC 


18 
19 


VssC 


14 


15 


Ih 


25 
24 


DP60 
DP61 










Varef C 


20 






23 


H P62 


VddC 


21 






22 


DP63 
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44'Pin Plastic QFP 
















CM 


m 


"li 




01 


Vl 


i 




/^ 


3 § s s ? 


K 




P21/PT0UT U L 


' 

3 31 

5 29 

//PD7533 
7 27 

9 25 

11 23 


1 1 1 NC 






P7al 1 1 


1 1 ICL1 






P72 1 1 1 


J U UIVShL 






P7i M 1 


J U RESET 






P7o 1 1 1 


1 1 1 CUCMX 














P32 I 1 1 


1 1 1 PO2/SO 




-| n POa/SI 








P3o 1 1 1 


1 1 1 P10 














AN3 1 1 1 


1 1 1P12 




"V ; ? S 8 S 


Y 
















\ 


























1 1 1 1 i 1 £ £ 


£ 


i: 


L 
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42-Pin 


DIP, Shrink DIP, and Piggyback DIP 


No. 


Symbol 


Function 


1-4 


P43-P40 


I/O port 4 


5,6 


P22,P2i/PT0UT 


Port 2 output 


7-10 


P73-P70 


I/O port 7 


11-14 


P33-P30 


Port 3 output 


15 


Avss 


A/D converter ground 


16-19 


AN3-AN0 


Analog input 


20 


Varef 


A/D reference voltage input 


21 


Vdd 


Positive power supply 


22-25 


P63-P60 


I/O port 6 


26-29 


PI3-PI0 


Port 1 input 


30 


PO3/SI 


Porto input/Serial input 


31 


PO2/SO 


Port input/Serial output 


32 


PO1/SCK 


Port input/(l/0) Serial clock 


33 


POq/INTO/EVENT 


Port input/Interrupt 0/Event 
input 


34 


RESET 


RESET input 


35 


DIVSEL 


System clock selection input 


36,37 


CL1,CL2 


External clock input/System 
clock terminal 


38-41 


P53-P50 


I/O port 5 


42 


Vss 


Ground 
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Pin Identification (cont) 



44-Pin QFP 



No. 


Symbol 




Function 


1,44 


P2i/PT0UT,P22 


Port 2 output 


2-5 


P73-P70 




I/O port 7 


6-9 


P33-P30 




Port 3 output 


10 


AvSS 




A/D converter ground 


11-14 


AN3-AN0 




Analog input 


15 


Varef 




A/D reference voltage input 


17 


Vdd 




Positive power supply 


18-21 


P63-P60 




I/O port 6 


22-25 


PI3-PI0 




Port 1 input 


26 


PO3/SI 




Porto input/Serial input 


27 


PO2/SO 




Port input/Serial output 


28 


PO1/SCK 




Port Oinput/(l/0) Serial clock 


29 


POq/INTO/EVENT 


Port input/Interrupt 0/Event 
input 


30 


RESET 




RESET input 


31 


DIVSEL 




System clock selection input 


32,34 


CL1,CL2 




External clock input/System 
clock 


35-38 


P53-P50 




I/O port 5 


39 


Vss 




Ground 


40-43 


P43-P40 




I/O port 4 


16,33 


NC 




No connect 


28'Pin EPROM Socket on 


42-pin Piggybaci( DiP 


No. 




Symbol 


Function 


1,26-28 




Vdd 


Positive power supply 


2, 14. 22 




Vss 


Ground 


20 




CE 


Chip enable output 


3-10,21, 
23-25 




A0-A11 


Address bus 


11-13, 
15-19 




I0-I7 


Data bus 



Pin Functions 

PO0-PO3 [Port 0] 

PO0-PO3 function as port 0. POq also functions as a 
count pulse input pin for the timer/event counter 
(EVENT) oras Interrupt (INTO). PO1 a lso functions as 
a serial clock input/output pin (SCK) for the serial 
interface. PO2 functions as a serial data output pin (SO) 
and pins PO3 as a serial data input pin (SI). The PO1/SCK 
and PO2/SO pins are three-state input/output. 

The shift mode register (SM0-SM3) determines the 
operation mode of the port input/output pins; how- 
ever, the data on PO0-PO3 can be loaded into the 
accumulator at any time by executing a port input 
instruction (IP/IPL). This is possible even when POr 
PO3 are functioning as the serial interface. 

After a RESET, PO0-PO3 become input ports (high 
impedance). 

P1o-Pl3[Port1] 

PI0-PI3 function as port 1. Execution of an IP or IPL 
instruction reads data present on PI0-PI3 Into the 
accumulator. Tie any unused lines of P1 0-PI3 to Vdd or 
Vss- 

P21-P22 [Port 2] 

P2i-P22 function as port 2 with an output latch. When 
an output instruction (OP/OPL) to port 2 is executed, 
the middle 2 bits (Ai and A2) of the accumulator are 
latched by the output latch and, at the same time, 
output to P2i-P22. 

After being written once, the output latch contents 
remain until they are rewritten by an output instruction 
or a reset. The status of the corresponding output 
signal also remains. After a reset, the output latch 
contents become undefined, all output signals are 
disabled, and the output drivers are turned off. 

P2i is also used as an output pin (PTOUT) for the 
timer-out F/F signal (PTOUT). Bit 3 (CM3) of the clock 
mode register controls the PTOUT output. When CM3 
is 1, TOUT is ORed with the P2i output latch contents 
and sent to the output driver. Therefore, to output the 
P2i output latch contents, reset CM3 to to inhibit the 
TOUT signal. 

Note that soon after the RESET signal is asserted, CM3 
is reset and TOUT is inhibited. However, since the 
output latch contents are undefined after a reset, to 
output the TOUT signal, first write in the P2i output 
latch and then set CM3 to 1 to output TOUT. 
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P30-P33 [Port 3] 

P3o-P33 function as port 3 with an output latch. When 
an output instruction to port 3 is executed, the accu- 
mulator contents are latched and output. 

Once data is written in the output latch, the data is held 
until the next output instruction to port 3 is executed or 
RESET is asserted. After a reset, the output latch 
contents become undefined and the output driver is 
turned off. 

P40-P43 [Port 4] 
P50-P53 [Port 5] 

P4o-P43 function as port 4 and PSq-PSs function as port 
5. When an input Instruction is executed, the data on 
these pins is read into the accumulator. When an 
output instruction is executed, the accumulator 
contents are latched and output. After the data is 
written into the latch, it is held until the next output 
instruction to ports 4 or 5 is executed, or RESET is 
asserted. 

Ports 4 and 5 can work as a pair enabling data (input 
with the IP54 instruction and output with the OP54 
instruction) in 8-bit units. The high four bits of data are 
from the accumulator and the low four bits are from 
memory (addressed by HL). 

Ports 4 and 5 automatically set in the input mode (high 
impedance output) after a reset or when the input 
instructions to these ports are executed. After a reset, 
the output latch contents become undefined. Both 
ports 4 and 5 can drive LEDs directly. 

Note that after the port changes from output mode to 
input mode, the data on the line is unstable when the 
input instruction that changes the mode is first exe- 
cuted. It is strongly recommended that you re-execute 
the input instruction considering the input/output 
mode switching time. This will insure reading stable 
data. 

The bit manipulation instruction affects the specified 
bit only. So when the output latch contents are un- 
defined, (immediately after a reset), initialize the output 
latch contents with an output instruction before the bit 
manipulation instruction is executed. 



P60-P63 [Port 6] 

P60-P63 function as the 4-bit input latched, three-state 
output port. The individual lines can be programmed 
as either inputs or outputs. 

In input mode, data present at this port is read into the 
accumulator by the execution of an IP or IPL Instruc- 
tion. Accumulator data written to this port by the 
execution of an OP, OPL, ANP, or ORP instruction is 
statically latched, and remains unchanged until re- 
written. This data, however, is not output since the 
output buffer is disabled and placed in the high 
impedance state. 

In output mode, accumulator data written to the 
specified port line by the execution of the OP, OPL, 
ANP, or ORP instruction is statically latched and 
output to the P6n pin. Data present at P6n is read into 
the accumulator by the execution of the IP or IPL 
instruction, making it possible to read the contents of 
the P6n output latch. 

All lines of port 6 are initialized to the high impedance 
state at Reset. Leave any unused lines open (if outputs) 
or tied to Vpo or Vss (if inputs). 

The port 6 mode select register (MSR) controls the 
function of the individual port 6 lines. The execution of 
the OP or OPL instruction loads the port 6 MSR with 
the accumulator contents. The 4-bit immediate data 
operand or the contents of the L register must be set to 
OEH. Figure 1 shows the format of the port 6 MSR. 

Figure 1. Port 6 MSR Format 



PMi 



PMo 



P60 
P61 
P62 
P63 



PMn 


Port 6 Selection 





P6n input [output buffer high-impedance] 


1 


P6n output [output buffer on] 
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P70-P73 [Port 7] 

Port 7 is a 4-bit input or latched three-state output port. 
The execution of an IP or IPL instruction execution 
reads data present at this port into the accumulator. 
Accumulator data written to this port by the execution 
of an OP, OPL, ANP, or ORP instruction is statically 
latched and remains unchanged until rewritten. 

Upon reset, all lines are initialized to the high- 
impedance state. Leave any unused lines open (if 
outputs) or tied to Vdd or Vss (if inputs). 

AN0-AN3 [A/D Input Terminal] 

AN0-AN3 are the 4-channel A/D converter input ter- 
minals. The A/D converter uses a successive approxi- 
mation method. 

Varef [A/D Converter Positive Reference] 

The voltage on Varef determines the full scale analog 
voltage. 

Avss [A/D Converter Ground] 

Avss is the ground for the A/D circuit. 

CL1, CL2 [Clock] 

CL1 and CL2 connect external oscillator elements to 
the system clock. Connect a ceramic resonator to 
these pins. If an external clock is used, place a buffer 
between the clock source and the CL1 and CL2 pins. 

When connecting the oscillation parts to the CL1 and 
CL2 pins, use the shortest wiring possible. Ground the 
capacitor as close to the Vss Pii^ as possible. 

DIVSEL [System Clock Divider Selection Input] 

DIVSEL selects whether the system clock runs at 
ceramic oscillation frequency, or at one-half the ceramic 
oscillation frequency. If a logic (Vss) is connected to 
DIVSEL, the system clock is one-fourth the ceramic 
oscillation. If DIVSEL is high, then the system clock will 
be one-half of the ceramic oscillation. 

RESET [Reset] 

A high on RESET activates this input. 

Vdd [Power Supply] 

Vdd is the positive power supply pin. 

Vss [Ground] 

Vss is the ground pin. 



Pin Functions, //PD75CG33 EPROM 

A0-A11 [EPROM Address] 

Aq-Ah output the contents of the EPROM program 
address counter. A reset leaves Aq-Aii undefined. 

I0-I7 [Data Bus] 

I0-I7 input the contents of the EPROM data bus. 

CE [Chip Enable] 

CE outputs the EPROM chip enable signal. (Active 
low.) 

Vdd [Power Supply], Vss [Ground] 

Vdd is the positive power supply pin with the same 
voltage as the lower portion pin 21 . Vss is the ground 
pin with the same voltage as the lower portion pin 42. 
The following voltages are supplied to the 2764 or 
2732A pins from Vdd or Vss- 



Pin Number 


Symbol 




2764 2732A 


Voltage 


1 20 


Vpp 


Vdd pin 21 = +5 V 


28 24 


Vcc 


Vdd pin 21 = +5 V 


22 20 


OE 


Vss pin 42 = V 


2 - 


A12 


Vdd pin 21 = +5 V 


14 12 


Vss 


VssPin42=:0V 
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Block Diagram 
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General Registers 



Stack Pointer[8] 
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Absolute Maximum Ratings 


Power supply voltage, Vqd 


-0.3 to +7.0 V 


Input voltage, V| 


-0.3 V to Vdd + 0.3 V 


Output voltage, Vq 


-0.3VtoVDD + 0.3V 


High level output current, Iqh 


-17 mA (1 pin) 
-20 mA (all output ports) 


Low level output current, Iql 


17 mA (1 pin) 

80 mA ports 2,3,4,7 (total pins) 

80 mA ports 0,5,6 


Operating temperature, Tqpt 


-10to+70<'C 


Storage temperature, Tsjg 


-65to+150«C 


A/D Vss, Avss 


-0.3 to +0.3 V 


A/D reference, Varef 


-0.3 V to Vdd 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

Ta = 25°C, Vdd = OV 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Input 
capacitance 


C|N 




15 


PF 


f=1MHz 
Unmeasured 


Output 
capacitance 


COUT 




15 


PF 


pins are OV. 


I/O 
capacitance 


C|0 




15 


pF 
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DC Characteristics 

Ta = -10 to +70'»C, Vdd = 2.7 to 6.0 V. DIVSEL = 



Limits 



Parameter 



Symboi Min 



Max Unit 



Test 
Conditions 



High level V|hi 

input voltage 
(other than 
CL1,CL2) 



0.7 Vdd Vdd 



Conditions 
specified by 
oscillation 
characteristics 



High level V|H2 Vdd -0.5 Vdd 

input voltage 

(CL1,CL2) 



Low level V|li 

input voltage 
(other than 
CL1,CL2) 



0.3 Vdd 



Low level V|L2 

input voltage 
(CL1,CL2) 



0.5 



High level Vqh Vdd -10 
output voltage 



Vdd = 4.5-6.0 V 
Iqh = -1 mA 
except P63 



Vdd -0.5 



V loH = -100AfA 



Vdd -0.5 Vdd -0.2 v 



Vdd = 4.5-6.0 V 
Iqh = -2 mA 
(P63only) 



Low level 
output voltage 



0.6 (typ) 


2.0 


V 


Vdd = 4.5-6.0 V 
IOL = 15mA 


0.7 (typ) 


2.5 


V 


(75CG33: 

Vdd = 4.5 -6.0 V) 




0.4 


V 


l0L = 1.6 mA 







0.5 


V 


IOL = 400M 


High level 
input leakage 
current (other 
thanCL1,CL2) 


•UHI 


3 


AiA 


V|N = Vdd 


High level 
input leakage 
current (CL1, 
CL2) 


•lih2 


20 


//A 


Vin = Vdd 


Low level 
input leakage 
current (other 
thanCL1.CL2) 


lULI 


-3 


//A 


V|N = OV 


Low level 
input leakage 
current (CL1, 
CL2) 


IUL2 


-20 


A/A 


V,N = OV 


High level 
output leakage 
current 


'loh 


3 


//A 


Vout = Vdd 


Low level 
output leakage 
current 


•loL 


-3 


//A 


VouT = OV 



DC Cliaracteristics 

Ta = -10 to +70*'C, Vdd = 2.7 to 6.0 V, DIVSEL = 1 



Limits 



Parameter 



Symboi iVIin 



iVIax Unit 



Test 
Conditions 



Supply current Iddi 



Iddi 


1.0 (typ) 


3.0 


mA Operating mode: 
fee = 500 kHz 


IdD2 


250 (typ) 


750 


//A HALT mode: 
fee = 500 kHz 




300 (typ) 


900 


//A (75CG33: 

Vdd = 4.5 -6.0 V; 
fee = 500 kHz) 


iDD3 


0.1 (typ) 


10 


/J^ STOP mode 







25 (typ) 200 


//A (75CG33: 

Vdd = 4.5 -6.0 V) 


AC Characteristics 

Ta = -10 to +70 °C, Vdd = 2.7 to 6.0 V 


Parameter 


Symbol 


Limits 
iViin iVIax 


Unit 


Test 
Conditions 


Cycle time 


tCY 


3.92 200 


AfS 


Vdd = 4.5-6.0 V 




9.52 200 


AfS 




EVENT input 


tE 


510 


kHz 


Vdd = 4.5-6.0 V 


frequency 


210 


kHz 




EVENT input 
high duration 


tEH 


0.8 


fJS 


Vdd = 4.5-6.0V 


EVENT input 
low duration 


tEL 


2.2 


fjS 





SCK cycle 
time 



tKCY 



SCK high, 
low level 
duration 



tKH. 

tKL 



4.0 


//S 


Input 

Vdd = 4.5-6.0 V 


3.92 


//S 


Output 

Vdd = 4.5-6.0 V 


10.0 


//S 


Input 


9.52 


fjS 


Output 


1.8 


fjS 


Input 

Vdd- 4.5-6.0 V 


1.76 


AfS 


Output 

Vdd = 4.5-6.0 V 


4.8 


US 


Input 







4.6 




US 


Output 


SI setup 

time (SCK high) 


tSIK 


300 




ns 




Si hold 

time (SCK high) 


tKSI 


450 




ns 




SCK low 


tKSO 




850 


ns 


Vdd = 4.5-6.0 V 


to SO 

output delay 
time 




1200 






INTO high, 
low level 
duration 


t|OH. 
tlOL 


10 




flS 




RESET high, 
low level 
duration 


tRSH. 
tRSL 


10 




us 
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Data Memoryi STOP Mode Data Retention 
Characteristics 

TA = -10to+70°C 





Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


Typ 


IVIax 


Conditions 


Data 
retention 
supply voltage 


Vdddr 


2.0 




6.0 


V 




Data retention 
supply current 


'dddr 




0.1 


10 


//A 


VdddR = 2.0V 


RESET setup 
time 


tSRS 









fjS 





Oscillation 
stabilizing 
time 



tos 



20 



Ceramic 
resonator: 
when Vdd 
greater than 
4.5 V 



A/D Converter Ciiaracteristics 

Ta = -10 to +70°C, Vdd = +5.0 V ±5%, 

Vss = Avss = V, Varef = Vdd - 0.5 V to Vdd 





Symbol 




Limits 


Test 


Parameter 


IViln 


Typ 


iVIax Unit Conditions 


Resolution 




8 




Bits 


Absolute 
accuracy 








±1.5 LSB 


Conversion 
time 


tcONV 


9 




tCYC* Vdd -0.5 
^ Varef ^ Vdd 


Sampling 
time 


tSAMP 




1 


tCYC* 


Analog input 
voltage 


VlAN 


Avss 




Varef v 


Analog input 
impedance 


Ran 




1000 


MQ 


Varef current 


•aref 


0.4 


1 


2 mA 



*tCYC=7-(DIVSEL = 1) 

tec 



Data Retention Timing 







STOP Mode , ^ 




Operating 


II 






HALT 
Mode 




Mode 


Data 
Retention IVIode 

\ Vdddr / 




Vdd 

RESET 


t 

STOP 
Instruction 
Execution 




^ 


^ 




tSRS— ► 


7 


tos 




* 
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Oscii later Ciiaracteristics 

Ta = -10 to +70X, Vdd = 2.7 to 6.0 V, DIVSEL = 1 










Parameter 


Limits 


Test 


Osciiiation Configuration 


n/lin Typ iViax Unit 


Conditions 



Ceramic 



See figure 3 



Oscillation frequency (fee) 



390 


500 


510 


kHz 


Vdd = 4.5 to 6.0 V 


390 


500 


510 


kHz 


Vdd = 4.0 to 6.0 V 


390 


500 


510 


kHz 


Vdd = 3.0 to 6.0 V 
DIVSEL = 



390 400 410 kHz 



Vdd = 2.7 to 6.0 V 
DIVSEL = 



Stabilization time 



20 



ms 



Vdd greater tiian 4.5 V 



External clock See figure 3 



CL1 input frequency 



10 

lo~ 



510 kHz 



Vdd = 4.5 to 6.0 V 



210 kHz 



CL1 input high, low level duration (teH.tei) 10 50 fis 

1.0 50 /js 



Vdd = 4.5 to 6.0 V 
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Timing Waveforms 

AC Timing Measuring Points (Except CL1) 



/\jO£VDD__f_ ^^^ 0.3VDD-A 



Clock Timing 



\ / \ 



V|H2 
V|L2 



EVENT Timing 



/ \ 



Seriai Transfer Timing 



\ r 




H Input Data ^ 



X 



Interrupt Input Timing 



3C 



INTO 


^. 


— tlOL ► 

-3 


^ tiOH ► 




^ ^ 
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RESET Input Timing 



■^L_J A. 
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Functional Description 

System Clock Generator 

The ceramic osiciilator circuit generates the system 
clock for the//PD7533. Figure 2 shows that the oscillator 
circuit for the /yPD7533 includes a ceramic oscillator, 
two divide-by-two circuits, the DIVSEL input, and 
control circuitry for the standby modes, HALT and 
STOP. 

Figure 3 shows that theceramic oscillator requires that 
a ceramic resonator be connected to the CL1 and CL2 
pins. An external clock can also be input at CL1 . In this 
case, the oscillator operates as an inverted buffer. 

Figure 2 shows that the output frequency from the 
cerannic oscillator connects either directly to the clock 
selector or via a divlde-by^two circuit. The selector is 
controlled by the DIVSEL line. If DIVSEL is low, the 
divide-by-two frequency is selected. This option is 
used during a low power operating mode. If DIVSEL is 
high, then the direct frequency is chosen. The output 
of the selector is used as system clock (CL), and is also 
divided by two to supply the CPU clock (0). 

Table 1 shows how DIVSEL selects the system and 
CPU clocks, and machine cycle timing. 



Table T. 


Clock Selection 






DIVSEL 


System Clock 
(CL) 


CPU Clock 
(0) 


Machine Cycle 


Low 


200 kHz 


100 kHz 


10 /us 


High 


400 kHz 


200 kHz 


5//S 



Standby Control 

The HALT F/F and the STOP F/F comprise the control 
circuitry for standby mode (figure 2). The STOP F/F is 
set by the STOP instruction. When the STOP F/F is set, 
the ceramic oscillator stops. The rising edge of the 
RESET input resets the STOP F/F. 

The HALT instruction sets the HALT F/F and inhibits 
the input of the half-frequency divider which generates 
the CPU clock. As a result, only the CPU clock is 
stopped in HALT mode. The RELEASE signal resets 
the HALT F/F. RELEASE becomes active when any 
interrupt request flag is set, or at the falling edge of the 
RESET input. 

While RESET is active, the HALT F/F is set, and the 
chip goes into the HALT mode. At a power-on Reset, 
the ceramic oscillation is driven when the RESET input 
signal becomes high. 

Figure 3. Clock Driver Configuration 
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Figure 2. System Clock Generator 
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It takes a short period of time for the oscillator output to 
become stable. To prevent errors due to an unstable 
clock, the HALT F/F is set to inhibit the CPU clock 
while the RESET input is high. Therefore, the high- 
level pulse width for the RESET input should be wide 
enough to cover the required time for the ceramic 
resonator oscillation to stabilize. 

Clock Control 

Figure 4 shows that the clock controller contains a 
4-bit clock mode register (CM0-CM3), prescalers 1-3, 
and multiplexers. The clock controller selects the 
clock sources and prescalers, and supplies the count 
pulses (CP) to the timer/event counter. The clock 
sources are the system clock generator output (CL) or 
the EVENT pulse. 

The OP 1 2 or OPL (L = 1 2) instruction sets codes in the 
clock mode register. CMS designates the output of the 
timer-out signals. If CMS = 1, the output of the timer- 
out F/F (TOUT) is available at the PTOUT (P21) pin. 

Figure 5 shows the format of the clock mode register. 



Figure 5. Format of Clock Mode Register 
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Figure 4. Cioci( Controiier Biocic Diagram 
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Timer/Event Counter 

Figure 6 shows the timer/event counter has an 8-bit 
count register, 8-bit modulo register, an 8-bit com- 
parator, and a timer-out flip flop. 

Timer Operation 

After the TAMMOD instruction sets a count value in the 
modulo register and the TIMER instruction clears the 
contents of the count register, the timer starts counting 
count pulses (CP). If an external clock is used, the 
count pulses are synchronized with the rising edge of 
CL1 or the POo input. 

When thevalue of the modulo registerequals the value 
of the count register, the comparator generates a 
coincidence signal (INTT) to set an interrupt request 
flag. Then it clears the count register to repeat the 
counting. In this manner, the timer functions as an 
interval timer whose interval is set by the modulo 
register. 

Regardless of any instructions, the count pulses are 
always input into the count register, updating the 
count value. If the contents of the count register are 
equal to those of the modulo register, the INTT request 
flag is then set. For this reason, inhibit INTT interrupts 
when not using the timer. 



Event Counter Operation 

To use the timer/event counter as an event counter, 
input the external event pulse into the POq pin, and 
select POo' as the count pulse (CP) for the clock 
controller. The count register counts the external event 
pulses input at the POq pin, either as they are, or 
frequency divided. 

As a result, the timer/event counter operates as an 
event counter that generates interrupts after observing 
the number of counts (events) specified by the modulo 
register. The TCNTAM instruction can read the current 
count at anytime. 

Set the modulo register with the number of count 
pulses minus one. If set to 0, no counting will occur 
because the counter register is held at (both the 
detection of coincidence and zero-clearing are simul- 
taneously made). 



Figure 6. Block Diagram of Timer/Event Counter 
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Serial Interface 

As figure 7 shows, the serial interface includes an 8-bit 
shift register, a 4-bit shift mode register, and a 3-bit 
counter. 

The serial clock control s seri al data I/O. At the falling 
edge of the serial clock (SCK), the SO line outputs the 
most significant bit (7) of the shift register. The 
contents of the shift register are shifted by one bit at the 
rising edge of the next serial clock (n *~0 n+1 ). At the 
same time, the data on the SI line is loaded into the 
least significant bit (0) of the shift register. 

The 3-bit counter (octal counter) counts up the serial 
clocks and generates an internal interrupt signal INTS 
at every count of 8 clocks (at the end of a 1-byte serial 
data transfer). It then sets the interrupt request flag 
(INTO/S RQF). The TAMSIO instruction sets data in 
the shift register during the transmission of serial data, 
then starts transmission. At the end of the transmission 
of each byte (8 bits) an internal interrupt (INTS) is 
generated. 

The SIO instruction also starts the reception of serial 
data. The received data is taken from the shift register 
by executing the TSIOAM instruction after an interrupt 
(INTS) is generated by the reception of one byte of 
data. 



The end of a 1-byte transfer can be confirmed by 
testing the INTS RQF with the SKI instruction instead 
of interrupt processing. 

The following three types of serial clock sources are 
available: system clock 0, external clock (SCK input), 
and timer-out F/F output signal (TOUT). Bits SM2-SM0 
of the shift mode register select the clock source. 

If the system clock is chosen, execute the SIO 
instruction to supply the clock to the serial interface, 
controlling the i nput /output of serial data while is 
output from the SCK pin. 

After eight pulses, the clock is automatically discon- 
tinued by holding the SCK output at a high level. 
Therefore, the Input/output of serial data automatically 
stops after each byte has been transferred. Con- 
sequently, the software does not need to control the 
serial clock and the transfer rate is determined by the 
system clock frequency. 

In this mode, after six machine cycles from the execu- 
tion of the SIO, the TSIOAM instruction can read out 
the received data from the shift register or can write in 
the next transmit data. 

Figure 8 shows the shift mode register format. 



Figure 7. Serial interface Biocic Diagram 
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Figures. Format of Shift Mode Register 
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1 1 


1 
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Bit SM3 selects the interrupt source in the following 
manner: 

SM3 Interrupt Source 



I NTS 
INTO 



If the external clock ( SCK i nput) is selected, the serial 
clocks are input from SCK. When the eighth external 
serial clock is input, an internal interrupt (INTS) is 
generated, signalling the end of a 1-byte data transfer. 

Since the serial clocks are not internally inhibited, the 
external clock must hold the signal high after eight 
clocks. The external serial clock determines the transfer 
rate. The serial interface can be operated from DC to 
the maximum rate in the electrical specifications. 

If TOUT is selected, the half-frequency divided co- 
incidence signal of the timer/event counter is the serial 
clock. This serial clock controls th e inp ut/output of the 
serial data and is output from the SCK pin. 



The count pulse supplied to the timer/event counter 
and the value set in the modulo register determine the 
transfer rate. The end of a 1-byte data transfer is 
signalled by INTS. TOUT is not inhibited automatically, 
therefore the program should stop TOUT at intervals of 
16. 

To use the external clock or the TOUT signal, execute 
the SIO, TA MSIO or TSIOAM instructions while the 
serial clock (SCK) is held high. Operation cannot be 
guaranteed if these intructions are executed over the 
rising or falling edge of SCK, or at the low level. 

In a system that does not require serial data transfer, 
the 8-bit shift register can be ued as a register with the 
serial operation stopped. The TSIOAM or TAMSIO 
instruction can read or write data. 
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Analog to Digital Converter 

The//PD7533 integrates a 4-channel 8-bit A/D converter 
with separate positive reference and ground from the 
device power supply. Figure 9 shows that the A/D 
converter includes an A/D converter mode register, 
successive approximation (SA) register, and end of 
conversion (EOC) control circuitry. 

A/D Converter Mode Register 

The A/D converter mode register is a 4-bit internal port 
that controls the A/D circuitry. The lower two bits, 
ANIO and ANI1 , select which analog signal (AN0-AN3) 
is input to the A/D converter. The most significant bit, 
ADS, initiates the A/D conversion. If ADS is set to a 
logic 1 , the analog signal selected by ANI1 and ANIO is 
converted to 8-bit digital data. Upon completion of the 
data conversion, ADS is cleared to 0. 

Figure 10 shows the format for the A/D conversion 
mode register. 



Figure 10. A/D Conversion Mode Register Format 
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Figure 9. A/D Converter Blocic Diagram 
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Successive Approximation [SA] 

The 8-bit data converted from the analog signal using 
the successive approximation method is stored in the 
SA register. When ADS is set to a logic 1 , the contents 
of the SA register are undetermined. The SA register is 
set to 7FH after a reset. 

End of Conversion [EOC] Flag 

The EOC flag specifies the completion of an A/D 
conversion. When ADS is set to 1 , the EOC flag is set to 
a logic and an A/D conversion starts. When the 8-bit 
A/D conversion is complete, the EOC flag is set to a 
logic 1 . The EOC flag resides in bit 2 of internal Port A. 
The IP OAH or IPL instruction can read the contents of 
Port A when the L register is set to OAH. The contents of 
Port A (other than bit 2) will be read as a logic 0. The 
EOC flag is set to 1 after a reset. 

A/D Converter Operation 

An OP OAH or OPL instruction selects one of four 
analog signals and starts a conversion when the L 
register is set to OAH. The lower two bits of the 
accumulator specify which analog signal will be con- 
verted. Bit 3 of the accumulator sets to 1 to initiate the 
A/D conversion. The A/D conversion requires 9 
machine cycles for completion. When the conversion 
is complete, the EOC flag is set. 

In order to assure an accurate data conversion, do not 
execute an output instruction when EOC is a logic 0. 

Figure 1 1 shows how the analog input voltage corres- 
ponds to the converted digital data. 



Figure 11. A/D Conversion Graph 




Reading Converted Data 

Internal port 9 specifies the upper four bits of the S/^ 
register. Therefore, execute an IP 9 or IPL (L = 9) 
instruction to read the data in the accumulator. 

Internal port 8 specifies the lower four bits of the SA 
register. Therefore, execute an IP 8 or IPL (L = 8) 
instruction to read the data in the accumulator. Do not 
read the SA register until EOC is set to 1. 

Figure 1 2 shows the configuration for the A/D converter 
reference voltage during standby mode. 

Interrupt Function 

The //PD7533 provides one external interrupt and two 
types of internal interrupts. The POq pin is used as the 
input pin for external interrupt INTO. INTO shares 
priority and vectored addresses with internal interrupt 
INTS. Figure 13 shows the interrupt controller block 
diagram. 

Figure 12. Configuration of Varef for 
Standby Mode Operation 
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Figure 13. Interrupt Controlter Block Diagram 



SM3 - 
I NTS - 



INTO/POo - 




Nonsync 
Edge 
Detect 



i> 



Nonsync 
Edge 
Detect 



a> 



'^^> 



^Instruction Execution 



S INTO/S 
R RQF 



» INTT 
R RQF 



TV 



^¥-^ 



I ! 

IE I IME 

I 1 I 



^O- 



o- 



J> 



5^ 



Priority 
Control 



^ 



Vector 
Address 
Generator 



^ Standby 
" Release 



Standby Function 

The //PD7533 has two types of standby modes (STOP 
and HALT) to minimize power consumption during a 
program standby state. STOP mode is set by the STOP 
instruction and HALT mode by the HALT instruction. 

When standby mode is set, program execution is 
stopped, and the contents of all internal registers and 
data memory are held. However, it is possible to 
operate the shift register and the timer/event counter. 
An interrupt or reset releases standby mode. Since an 
interrupt releases standby mode, neither STOP nor 
HALT modes can be set if an interrupt request flag is 
set. Therefore, when setting standby mode when there 
is a possibility of a request flag being set, first reset the 
interrupt request flag by processing the interrupt in 
advance or by executing the SKI instruction. 

The major difference in the two modes is that crystal 
oscillation (CL) stops in STOP mode but does not stop 
in HALT mode. 

In STOP mode, it is possible to go into data retention 
mode by lowering the power supply voltage. During 
data retention mode, all operation stops and only the 
data RAM stays intact. 



Table 2 shows the differences between STOP and 
HALT modes. 

Table2. Differences Between STOP and HALT l^lodes 







Mode 


Operation 


STOP Modi 


I HALT Mode 


Ceramic Oscillation 


X(1) 


0(2) 


1/2 Ceramic Oscillation 


X(1) 


X(1) 


CPU 


X(1) 


X(1) 


Serial I/O 


(3) 


(2) 


Timer/Event Counter 


X(1) 


0(2) 


A/D Converter 


X(1) 


0(2) 


Release of Standby 
Mode 


RESET 


INTO/S RQF 
NHRQF 
RESET Input 



Note: 

(1) Not possible 

(2) Possible 

(3) Possible depending on clock source selected 
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STOP Mode 

In STOP mode, ceramic oscillation and the half- 
frequency divider stop. The CPU stops and the opera- 
tions requiring the system clock (CL, 0) stop. 

Release from STOP mode is with the RESET input 
only. All other functions cease to operate. 

In order to minimize power consumption, the current 
flowing through the resistor ladder of the A/D converter 
must be minimized. To minimize power consumption, 
turn off the power to the Varef Pin. 

Note that ceramic oscillation stops and disables the 
system clock during STOP mode by bringing CL2 to 
ground. Therefore, if the external clock is connected to 
CL1 and a STOP instruction is executed, the CPU will 
enter HALT mode instead. 

HALT Mode 

In HALT mode, only the half-frequency divider circuit 
stops In the clock generator circuit (CL operates, <p 
stops). Therefore, the CPU and the operation of the 
serial interface (when using as a serial clock) stop. 

However, since the clock control circuit is still in 
operation, it can select the CL signal from the clock 
generator or the EVENT input and supply the count 
pulse (CP) to the timer/event counter. 

Consequently, the timer/event counter can be operated 
in HALT mode. The serial interface operates if a serial 
clock other than (such as the external clock, TOUT 
signal) is selected. The HALT mode is released by the 
RESET input or an interrupt, even if the interrupt is 
disabled. 

Release from Standby Mode by Interrupt 

The standby mode is released when the interrupt 
request flag is set by an interrupt source, whether 
interrupts are disabled or enabled. However, the opera- 
tions after release differ in each case. 

If the interrupt master enable F/F is enabled, and if the 
interrupt is enabled, the corresponding interrupt routine 
is initiated after execution of one instruction after the 
STOP/HALT instruction. Then, the result flag is reset. 
If the corresponding bit of the interrupt enable register 
has been reset, execution of instructions starts after 
the STOP/HALT instruction, and the interrupt routine 
is not initiated. In this case, the request flag for release 
remains set. If necessary, reset the request flag with the 
SKI instruction. 



If the interrupt master enable F/F is disabled, the 
instruction following the STOP/HALT instruction is 
executed regardless of the state of the interrupt enable 
register (interrupt routine is not initiated). In this case, 
the interrupt request flag is left set. If necessary, it can 
be reset by the SKI instruction. 

After any release, operation resumes with the same 
register contents as before standby mode. 

Release From Standby Mode with RESET 

Both STOP and HALT modes are released uncondi- 
tionally by the RESET input. Figure 14 shows the 
release timing. 

If the device is reset during STOP mode, the low to high 
transition of the RESET pin will take the processor 
from STOP mode to HALT mode. When RESET goes 
high to low, the HALT mode is abandoned, and after a 
normal reset operation, the PC is initialized to 0. Only 
the data memory will stay intact during the HALT 
mode, but all registers become undefined. 

If the device is reset during HALT mode, the high to low 
transition of RESET will release the device from standby 
mode. After a normal reset operation, the PC is 
initialized to 0. Only the data memory will stay intact 
during the HALT mode, but all registers become 
undefined. 

Figure 15 shows the release from HALT mode by 
RESET. 

Figure 14. Release from STOP mode by RESET 
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Figure 15. Reiease from HALT Mode by RESET 
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Reset Function 

The//PD7533 is reset and initialized by the input of the 
RESET signal (active high). 

A RESET causes the CPU to initialize in the following 
nnanner: 

• Program counter (PC) is cleared to 

• Skip flags (SK1, SKO) and program status word 
(PSW) are reset to 

• Timer/event counter: 

— Count register = OOH 

— Modulo register = FFH 

— Timer-out F/F = 

• Clock control circuitry: 

— Clock mode register (CM3-CM0) = 
CL 



Power-on Reset Circuit 

Figure 16 shows an example of the simplest power-on 
reset circuit using a resistor and a capacitor. 

Figure 16. Power-on Reset Circuit 
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— Timer-out FF signal not output to PTOUT 

— Prescalers 1-3 = 

Shift Mode Register (SM3-SM0) is cleared to 0. 

— Shift operation stops 

— Port is In input mode (high impedance) 

— INTS is selected interrupt source of INTO/S 
A/D converter circuit: 

— ADM register is set to 

— ANO is selected 

— SA register is set to 7FH 

— EOC flag is set to logic 1 
Interrupt control circuit: 

— Interrupt request flags = 

— Interrupt master enable F/F = 

— Interrupt enable register = 

— All pending interrupts are cancelled 

— All interrupts are disabled 

All Port 2-7 output buffers are turned off 
Contents of data memory and the following registers 
are undefined: 

— Stack pointer (SP) 

— Accumulator (A) 

— Carry flag (C) 

— General purpose registers (H,L) 

— All port output latches 

— Shift register 



3-83 



iC/PD7533/75CG33E 



NEC 



3-84 



NEC 

NEC Electronics Inc. 



//PD7537A/38A/75CG38E 

4-Bit, Single-Chip 

CiUiOS IMicrocomputers 

With FIP® Driver 



Description 

The ii4PD7537A, mPD7538A, and mPD75CG38E are 4-blt, 
single-chip CMOS nnicrocomputers with the p(PD7500 
architecture and FIP direct-drive capability. 

The /iPD7537A contains a 2048 x 8-bit ROM and a 
128 X 4-bit RAM. The ^PD7538A contains a 4096 x 8-bit 
ROM and a 160 x 4-bit RAM. 

The jLiPD7537A/38A contains two 4-blt general purpose 
registers located outside RAM. The subroutine stack is 
Implemented In RAM for greater depth and flexibility. 
The jL(PD7537A/38A typically executes 67 Instructions 
with a 5 /iS Instruction cycle time. 

The )LtPD7537A/38A has one external and two internal 
edge-triggered hardware-vectored Interrupts. An 8-bit 
timer/event counter and an 8-blt serial Interface help to 
reduce software requirements. 

Thirty-one high-voltage lines are organized Into the 3-bit 
output port 2, the 4-blt output ports 3, 8, and 9, and the 4- 
bit I/O ports 4, 5, 10, and 11 

The low power consumption CMOS process allows the 
use of a power supply between 2.7 V and 6.0 V. Current 
consumption is less than 3.0 mA maximum, and can be 
further reduced in the halt and stop power-down modes. 

The fiPD75CG38E Is a piggyback EPROM version of 
the /iPD7537A/38A. Pin-compatible and function- 
compatible with the final, masked versions of the 
^PD7537A/38A, the mPD75CG38E is used for prototyp- 
ing and for aiding in program development. 

Features 

D 67 instructions 
D Instruction cycle: 

— Internal clock: 3.3iL(S/600 kHz, 5 V 

— External clock: 3.3piS/600 kHz, 5 V 

D Upwardly compatible with the jl(PD7500 series 

product family 
D 4,096 X 8-blt ROM (mPD7538A/75CG38E) 

2,048 X 8-blt ROM OiPD7537A) 
D 160 X 4-bit RAM OiPD7538A/75CG38E) 

128 X 4-bit RAM (|L(PD7537A) 
D 35 I/O lines 
D 31 high-voltage output lines that can directly drive a 

vacuum fluorescent diplay (FIP) 

FIP is the registered trademark for NEC's fluorescent indicator panel (vacuum 
fluorescent display). 



n Can select either a pull-down resistor or open-drain 

output per 31 high-voltage outputs (mask optional) 
D Vectored interrupts: one external, two internal 
□ 8-blt timer/event counter 
D 8-blt serial interface 
D Standby function (HALT, STOP) 
D Data retention mode 
D Zero-cross detector on POq/INTO Input (mask 

optional) 
D System clock (^PD7537A/7538A/75CG38E): on-chip 

ceramic oscillator 
D CMOS technology 
n Low power consumption 
n Single power supply 

— /iPD7537A/7538A: 2.7 V to 6.0 V 

— ^PD75CG38E: 5.0 V ±10% 



Ordering Information 




Part 

Number Package IVpe 


Max Frequency 
of Operation 


MPD7537AC/38AC 42-pin plastic DIP 


610 kHz 


/iPD7537ACU / 38ACU 42-pin plastic shrink DIP 


610 kHz 


jwPD75CG38E 42-pin ceramic piggyback DIP 


500 kHz 



Pin Configurations 

IAPD7537A/38A 42 Pin Plastic DIP or Shrink DIP 













RESET C 


1 Vs 


J 42 


I^Vss 


cue 


2 


41 


J POq/INTO 




CL2C 


3 


40 


3 PO1/SCK 




VpreC 


4 


39 


3 PO2/SO 




Vload C 


5 


38 


3 PO3/SI 




PSsC 


6 


37 


DP3o 




P52C 


7 


36 


DP3i 




P5lC 


8 


35 


1P32 




P5oC 


9 


t 34 


DP33 




P23C 


10 « 33 


DP4o 




P22C 


11 g 32 


DP4i 




P2i/PT0UT C 


12 Q 31 


DP42 




PIO3C 


13 


^ 30 


DP43 




PIO2C 


14 


29 


DP80 




PIO1C 


15 


28 


DP81 




PIO0C 


16 


27 


DP82 




PII3 C 


17 


26 


IP83 




PII2E 


18 


25 


DP9o 




PHlC 


19 


24 


DP91 




PII0C 


20 


23 


DP92 




VddC 


21 


22 


DP93 


49-001 170A 











50277 (NECEL-SIO) 
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Pin Configurations (cont) 

[xPD7SCG3BE42Pin Ceramic Piggyback DiP 



iiPD75CG3QEEPROM 















RESET C 


1 


KJ 


42 


3 Vss 


cue 


2 


MPD75CG38E 


41 


2 POo/INTO 




CL2C 


3 




40 


2 PO1/SCK 




VpreC 


4 


VddO 1 280VDD 


39 


] PO2/SO 




NCC 


5 


NCO 2 270MSEL 


38 


2 PO3/SI 




P53C 
P52C 
P5lC: 


fo 
7 
8 


A7(5 3-262>Vdd 
As 4 250 As 
A5O 5 24OA9 


3/ 
36 
35 


:p3o 

1 P31 
:P32 




P5oC 


9 


1 1 


34 


3P33 




P23C 


10 


A4O 6 230Aii 


33 


DP4o 




P22C 


11 


A3O 7 220 Vss 
1 • . 


32 


DP4i 




P2i/PT0UT C 


1? 


A2O 8 210 A10 
1 1 


31 


DP42 




PIO3C 


13 


Ai 9 200 CE 
1 JL 


30 


:p43 




PIO2 c 


14 


AoOlO I9OI7 


?9 


DP80 




PIO1C 
PIO0C 


15 
16 


I0OII 180I6 
I1A12 I7A15 
I2613 160 14 


28 
27 


:p8i 

3P82 




PII3C 
PII2C 


17 
18 


VssC^14 15^13 


26 
25 


:p83 

DP9o 




PII1C 


19 


24 


DP9i 




PII0E 


20 


EPROM: 2732 


23 


1 P92 




VddC 


21 




22 


3P93 


49-001 171 A 













Pin Identification 



}xPD7537A/38A and ^PD75CG38E 



No. 


Symbol 


Function 


1 


RESET 


Reset input 


2,3 


CL1, CL2 


Clock pins 


4 


VPRE 


High-voltage output predriver supply 


5 


Vload 


High-voltage output option resistor 
supply 7537A/38A only 


6-9 


P50-P53 


High-voltage I/O port 5 


10,12 


P23, P22 
P2i/PT0UT 


High-voltage output port 2, and output 
port from timer /event counter (PTOUT) 


13-16 


PIO0-PIO3 


High-current, high-voltage I/O port 10 


17-20 


PII0-PII3 


High-voltage, high-current I/O port 11 


21 


Vdd 


Positive power supply 


22-25 


P90-P93 


High-voltage, high-current output port 9 


26-29 


P80-P83 


High-voltage, high-current output port 8 


30-33 


P40-P43 


High-voltage I/O port 4 


34-37 


P30-P33 


High-voltage output port 3 


38 
39 
40 
41 


PO3/SI 
PO2/SO 
PO1/SCK 
POq/INTO 


4-bit input of port 0; or serial data input 
(SI), serial data output (SO), serial clock 
I/O (SCK), and external interrupt input 
(INTO) or zero-cross detect input (POq). 


42 


Vss 


Ground 



No. 


Symbol 


Function 


1 


Vdd 


Connection to pin 21 of ^PD75CG38E 


2 


NO 


No connection 


3-10, 21, 24, 


25Ao-Aio 


EPROM address output 


11-13,15-19 


I0-I7 


Data read input from the EPROM 


14 


Vss 


Connection to EPROM GND pin 


20 


CE 


Chip enable output 


22 


Vss 


Supplies EPROM OE signal 


23 


A11 


Program counter MSB output 


26 


Vdd 


Supplies Vcc to the EPROM 


27 


MSEL 


Mode select input 


28 


Vdd 


Supplies high-level signal to MSEL 



Note: 

(1) Output drivers on ports 2-5 and 8-11 are mask-optional. Accordingly, 
either an open-drain output or a pull-down resistor can be selected. 
Vload Is suitable for an output driver with a pull-down resistor. 

(2) Ports 2-5 are suitable as FIP segment signal outputs, and ports 8-11 
are suitable for FIR digit signal outputs. 

(3) Ports 8-11 have high-current drive capability and can drive an LED 
directly. 

Pin Functions, jl(PD7537AI38A and 
MPD75CG38E 

RESET 

System reset (input). 

CL1,CL2 

Connect Jon to the ceramic oscillator. CL1 is the external 
clock input. 

VpRE 

Negative power supply for high-voltage output pre- 
d rivers (for ports 2-5, 8-11). 

Vload 

Negative power supply for optional load resistors (pull- 
down resistors) of high-voltage output drivers (for ports 
2-5, 8-11). This pin is only on the /^PD7537A/38A. 

P53-P50 

4-bit, high-voltage I/O port 5. 

P21-P23 

3-bit, high-voltage output port 2. 
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PTOUT 

Output port for the timer/event counter. 

PIO3-PIO0 

4-bit, high-voltage, high-current I/O port 10. Capable of 
bit set/reset by SPBL/RPBL instructions. 

PII3-PII0 

4-bit, high-voltage, high-current I/O port 11. Capable of 
bit set/reset by SPBL/RPBL instructions. 

Vdd 

Positive power supply. 

P93-P90 

4-bit, high-voltage, high-current output port 9. Capable 
of bit set/reset by SPBL/RPBL instructions. 

P83-P80 

4-bit, high-voltage, high-current output port 8. Capable 
of bit set/reset by SPBL/RPBL instructions. 

P43-P40 

4-bit, high-voltage I/O port 4. 

P33-P30 

4-bit, high-voltage output port 3. 

PO0-PO3 

4-bit input port 0. POq is also used as the zero-cross de- 
tection input. 

SI 

Serial data input. 

SO 

Serial data output. 

SCK 

Serial! /O clock. 

INTO 

External interrupt input. 

vss 

Ground. 



Pin Functions, f(PD75CG38E EPROI\/l 

MSEL 

Changes the addressing area of the external EPROM 
and the on-chip RAM (with a pull-down resistor). Con- 
necting a jumper between socket pins 27 (MSEL) and 28 
(Vdd) selects i[^PD7537A mode (2-Kbyte EPROM, 128 x 4- 
bit RAM). Leaving MSEL open selects j[4PD7538A mode 
(4-Kbyte EPROM, 160 x 4-bit RAM). 

A0-A10 

Output the low-order 11 bits of the program counter 
(PC0-PC10). Used as EPROM address signals. 

A11 

When MSEL is high level, A11 outputs high-level signals. 
When MSEL is open. An outputs the MSB of the PC, 
which is used as the most significant address signal of 
the 4-Kbyte EPROM 2732. 

I0-I7 

Input data read from the EPROM. 

CE 

Outputs the chip enable signal to the EPROM. 

Vdd 

Pin 26 is electrically equivalent to the bottom Vdd P'n 
and is used to supply Vqc to the EPROM. Pin 28 is elec- 
trically equivalent to the bottom Vdd P'" and is used to 
supply the high level signal to MSEL Pin 1 connects to 
pin21off^PD75CG38E. 

Vss 

Pin 14 is electrically equivalent to the bottom Vss P'n '" 
voltage, and is connected to the EPROM GND pin. Pin 
22 is electrically equivalent to the bottom Vss Pin and is 
used to supply the OE signal to the EPROM. 

instruction Set 

Refer to the User's Manual. The instruction set appears 
also as subset A4 in the data sheet for the jl(PD7500 se- 
ries of single-chip microcomputers. 
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Block Diagram, 7iPD7537AI3aA 
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INTO 












POi/ 
INTO 


SCK PC: 

' PO2/SO 

t 


/SI 








POo'^ 










~1 










Zero- 
Cross 
Detector 




Clock 
Control 


CP 


Timer/Event 
Counter 


INTT 


Interrupt 
Control 


INTS 


Serial 
Interface 






r 

CL 






' 






()U^ O 












VpRE VlOAD 

11 



V- 



H 



7^ 



Program Counter (11/12) 



H 



Program Memory 
2048x8Bits(HPD7537A) 
4096 X 8 Bits (fiPD7538A) 




:^ 



t f 




System 

Clock 

Generator 


Standby 
Control 


t 







Instruction 
Decoder 



1 t t 

Vdd Vss V RESE 



H 



General Registers 



Stack Pointer (8) 



IZ 



Data Memory 

:s(nPr 

160x4Bits(MPD7538A) 



128x4Bits(HPD; 



»%37A) 



Porto 
Buffer 






o 



Port 2 
Latch 
Buffer 



yAK Port 4 yJ-N. 
( ) Latcfi ( A y P40-P43 
\|V^ Buffer \n/ 



Ports 
Latch 
Buffer 






PO0-PO3 



P21-P23 
PT0UT/P2i 



P30-P33 



AK Port 5 /L^ 



I N Port 8 K 

) Latch 4 > P80-P83 
I 1/ Buffer 1/ 



L_Jv Ports — — K 

) Latch 4 > P90-P93 
I ^ Buffer -—V 



a Port 10 /U\ 
Latch ( 4 > PIO0-PIO3 
Buffer \fV 



( } Latch 
Nfl^ Buffer 



" <A> 

er Vl/ 



PII0-PII3 



3-88 



HEC 



/iPD7537A/38AI75CG38E 



Block Diagram, /iPD75CG38E 
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hh t 
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AN 


/- 


C 




A (4) 




General Registers 




H(4) 


L(4) 




Stack Pointer (8) 


DP 


"-iU 




Address Decoder 




Data Memory 
160 X 4 Bits 


ET 











Porte 
Buffer 



■' <^ 



Port 2 
Latch 
Buffer 



/U\ Port 4 
( ) Latch 
\»V Buffer 



Porta 
Latch 
Buffer 






<•> 



PO0-PO3 



P21-P23 
PT0UT/P21 



P30-P33 



P40-P43 



/U\ Ports yA-t\ 
C ) Latch C 4 > P50-P53 
\rv Buffer \rv 



I 1\ Port 8 N^ 

y Latch 4 y 
I V^ Buffer 1/ 



, P80-P83 



I K Port 9 f\ 

) Latch 4 > P90-P93 
I 1/ Buffer iX 



TLK Port 10 A-K 
C ; Latch ( 4 > PIO0-PIO3 
\rv Buffer VV 



/LNv Port 11 yV-l\ 
( ) Latch (( 4 > PII0-PII3 
Vk Buffer \rv 



Absolute Maximum Ratings 

Ta = 25°C 



Power supply voltage, Vdd 




-0.3Vto+7V 


Power supply voltage, Vlqad (mPD7537A/38A) 


Vdd- 


- 40 V to Vdd +0.3 V 


Power supply voltage, VpRE 


Vdd 


-12VtoVDD+0.3V 


Input voltage, except ports 4, 5, 10, 11, Vim 




0.3 V to Vdd +0.3 V 


Input voltage, ports 4, 5, 10, 11, V|n 


Vdd- 


-40 V to Vdd +0.3 V 


Output voltage, except ports 2-5, 8-11, Vq 




0.3 V to Vdd +0.3 V 


Output voltage, ports 2-5, 8-11, Vq 


Vdd- 


-40VtoVDD+0.3V 


Output current high, per pin: PO^, PO2; Ioh 




-15 mA 


Output current high, per pin: ports 2-5, 8-11; Iqh 




-30 mA 


Output current high, ports 3, 4, 8, 9 total, Iqh 




-55 mA 


Output current high, ports 2, 5, 10, 11 total, Iqh 




-55 mA 


Output current low, per pin, Iql 




15 mA 


Output current low, all ports total, Iql 




15 mA 


Operating temperature, Tqpt 




-10°Cto+70°C 


Storage temperature, Tstg 




-65°Gto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute IVIaximum Ratings could cause permanent damage. The device Is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



Capacitance 

Ta = 25 °C, Vdd = V, f = 1.0 MHz, Unmeasured pins returned to GND 







Limits 




Unit 


Test 


Parameter 


Symbol Min 


TVp 


Max 


Conditions 


Input 
capacitance 


C| 




15 


PF 


PO0-PO3 


Output 


Co 




15 


PF 


Port 2 


capacitance 






35 


pF 


Ports 3, 8, 9 


I/O 


CjO 




15 


pF 


PO1, PO2 


capacitance 






35 


pF 


Ports 4, 5,10,11 
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DC Characteristics 



txPD7S37A/38A 

Ta= -10°Cto +70°C,Vdd= +2.7 V to 6.0 V 





"•"»» 


Parameter 


Symbol Min IVp Max Unit Conditions 


Input voltage, 


V|Li 0.3 Vdd V Porto, RESET 


low 


V|L2 0.5 V CL1 




V|L3 Vdd-35 0.3Vdd V Ports 4, 5, 10, 11 



Input voltage, V|hi 0.7 Vqd 
^'9h V,H2 Vdd-0.5 



Vdd 



Port 0, RESET 



Vdd 



CL1 



V|H3 0.7VDD 



Vdd 



Ports 4, 5,10,11; 
4.5V<Vdd<6.0V 



Vdd-0.5 



Vdd 



Ports 4, 5,10,11; 
2.7V<Vdd<4.5V 



Output voltage, Vql 
low 



0.4 



POi, PO2; 

4.5V<Vdd<6.0V; 

IOL=1-6mA 



0.5 V 



PO1, PO2; 
IOL=400/iA 



Output voltage, Vqh Vdd-2.0 
high 



Ports 2-5, 

l0H=-4mA 

(Notel) 







Vdd- 


-2.0 




V 


Ports 8-11, 

IOH=-10mA 

(Notel) 




Vdd- 


-2.0 




V 


Ports 2-5, 
IOH=-2mA 
(Note 2) 




Vdd- 


-2.0 




V 


Ports 8-11, 
IOH=-5mA 
(Note 2) 




Vdd- 


-1.0 




V 


PO1, PO2; 

IOH=-1mA 

(Notes) 




Vdd- 


-0.5 




V 


PO1, PO2; 
Ioh=-100mA 


Input leakage 
current, low 


Ilili 






-3 


mA 


V|N = OV;POo-P03 
(Note 4) 




Ilil2 






-40 


^A 


V|N = OV;POo 
(Note 5) 




•lils 






-20 


hA 


V|N = 0V;CL1 




Ilil4 






-10 


mA 


V|n=Vdd-35V; 
ports 4, 5,10,11 


Input leakage 
current, high 


Ilihi 






3 


^A 


Vin=Vdd;poo 

(Note4)-P03 




IlIH2 






40 


mA 


Vin=Vdd;poo 

(Note 5) 




IlIH3 






20 


mA 


Vin=Vdd;cli 




IlIH4 






80 


mA 


V|N=VDD;Ports4, 
5, 10, 11 


Output leakage 


Iloli 






-3 


mA 


Vo = OV;POi,P02 



current, low 



Ilol2 



-10 mA 



Vo=Vdd-35V; 
ports 2-5, 8-11 





Limits 




Unit 


Test 


Parameter Symbol Min 


TVP 


Max 


Conditions 


Output leakage Ilqhi 
current, high 




3 


mA 


Vo=Vod; except 
ports 4, 5, 10, 11 


Iloh2 




80 


mA 


Vo= Vdd; ports 4, 
5, 10, 11 


Supply current, Iddi 
normal operation 


1.5 


4.0 


mA 


Vdd=5V±10%, 
fee =600 kHz 



Supply current, Idd2 
HALT mode 
(Note 6) 



700 1800 fiA Vdd=5V±10%, 
fee =600 kHz 
(Note 4) 



Supply current, 
STOP mode 
(Note 6) 



IdD3 



2S0 


700 


/^A 


Vdd=3V±10%, 

fee =600 kHz 
(Note 4) 


710 


1840 


^ 


Vdd=5V±10%, 
fee =600 kHz 
(Note 5) 


237 


730 


mA 


Vdd = 3V±10%, 

fee =600 kHz 

(Note 5) 


0.1 


10 


mA 


(Notes 4, 6) 


10 


40 


mA 


Vdd=5V±10% 
(Note 5) 



30 mA VDD=3V(Note5) 



Note: 

(1) VpRE = Vdd - 9 V ±1 v. The circuit in figure 5 is recomnnended. 

(2) VpRE = 0VVDD = 4.5Vto6.0V 

(3) Vdd = 4.5 V to 6.0 V 

(4) Without zero-cross detector. 

(5) With zero-cross detector. 

Figure t Recommended Circuit, ^PD7537A/7538A 
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Vload 
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DC Characteristics (cent) 



IJLPD75CG38E 

TA=-10°Cto+70°C 


;,VDD=+5Vd 


:10% 








Symbol 


LimiU 




Unit 


Test 




Min lyp 


Max 


Conditions 


Input voltage, 


V|L1 





0.3 Vdd 


V 


Porto, RESET 


low 


V|L2 





0.5 


V 


CL1 




V|L3 


Vdd-35 


0.3 Vdd 


V 


Ports 4. 5, 10, 11 


Input voltage, 


V|H1 


0.7VDD 


Vdd 


V 


Porto, RESET 


high 


V|H2 


Vdd-0.5 


Vdd 


V 


CL1 




V|H3 


0.7VDD 


Vdd 


V 


Ports 4, 5,10,11 


Output voltage, 
low 


Vol 




0.4 


V 


POi, PO2; 
l0L=1.6mA 






0.5 


V 


PO1. PO2; 
IOL=400/iA 



Output voltage, Vqh 


Vdd-2.0 


V Ports 2-5, 


high 




IOH=-4mA 
(Notel) 



Vdd-2.0 


V 


Ports 8-11, 

IOH=-10mA 

(Notel) 


Vdd-2.0 


V 


Ports 2-5, 
IOH=-2mA 
(Note 2) 


Vdd-2.0 


V 


Ports 8-11, 
IOH=-5mA 
(Note 2) 



Vdd-1.0 



V PO1, PO2; 
IOH=-1mA 
(Note 2) 



Input current, 
low (I0-I7) 



-200 /iA V|N = OV 



Input current, 
high (MSEL) 



i|H 



300 mA V|n = Vdd 



Input leakage 
current, low 



LI LI 



ptA V|N = 0V;P0rP03 



'lIL2 

'lils 

IlIL4 



-40 /iA V|N = OV;POo 



-20 mA V|n = 0V;GL1 



-10 



mA V|n=Vdd-35V; 
ports 4, 5, 10, 11 



Input leakage 
current, high 



Ilihi 



mA 



Vin=Vdd; 
POrPOa 



'lIH2 

'lihs 



40 mA V|n=Vdd;POo 



20 



mA V|n=Vdd;CL1 



IlIH4 


80 


mA 


V|N=VDD;ports4, 
5, 10, 11 


Output leakage Iloli 


-3 


mA 


Vo=ov:POi, PO2 


current, low ,^^^^ 


-10 


mA 


Vo=Vdd-35V; 
ports 2-5, 8-11 







Limits 




Unit 


Test 




Symboi Min 


TVP 


Max 


Conditions 


Output leakage 
current, high 


'lohi 




3 


mA 


Vo= Vdd; except 
ports 4, 5, 10, 11 




IlOH2 




80 


mA 


Vo= Vdd; ports 4, 
5, 10, 11 


Supply current, 
normal operatior 


Iddi 


1.0 


3.0 


mA 


fcc=400kHz 


Supply current, 
HALT mode 
(Note 3) 


IdD2 


460 


1230 


mA 


fcc=400kHz 


Supply current, 
STOP mode 
(Note 3) 


'dD3 


10 


40 


mA 





Note: 

(1) VpRE = Vdd - 9 V ± 1 v. The circuit in figure 6 Is recommended. 

(2) VpRE = OV 

(3) Ports 4, 5, 10, 11 are output off or low input. 

Figure 2. Recommended Circuit, iJiPD75CG38E 
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Zero-Cross Detection Characteristics 

mPD7537A/38A:Ta= -10°Cto -h70°C,Vdd = 4.5 V to 6.0 V 
juPD75CG38E: Ta = - 10°C to +70°C, Vpo = +5 V±10% 







Limits 




Unit 


Test 


Parameter 


Symbol Min 


TVP 


IMax 


Conditions 


Zero-cross 
detection input 
voltage 


Vzx(P-P) 1.0. 




3.0 


Vp-P 


AC coupled, 
C = Q.1)uF 


Zero-cross 
accuracy 


Vazx 




±100 


mV 


50 Hz to 60 Hz sine 
wave 


Zero-cross 
detection input 
frequency 


fzx 45 




1000 


Hz 





Zero-Cross Detection Waveform 



AC Input 



I Vazx Vzx(p-p) 




Note: In the above waveforms, both O-to-1 and 1-to-O transitions of the zero-cross 

detection signal delay from the low-to-high and high-to-low transitions of the AC 
input signal, respectively. However, it is possible that the zero-cross detection 
leads low-to-high and/or high-to-low transition(s) of the AC input signal. 



AC Ciiaracteristics 

IJLPD7537A/38A 

Ta= -10°Cto +70°C,Vdd= -l-2.7Vto6.0V 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


Max 


Conditions 


Cycle time 
(Notel) 


tCY 


3.3 




200 


MS 


VDD = 4.5VtO 
6.0V 




9.5 




200 


MS 




POo event input 
frequency 


tpo 







610 


kHz 


VDD = 4.5VtO 
6.0V 









210 


kHz 




POo input rise 
time 


tpOR 






0.1 


MS 




POo input fall 
time 


tpOF 






0.1 


MS 




POo input pulse 


tpOL. 
tpOH 


2.3 






MS 




width, low, high 


0.62 






MS 


VDD = 4.5VtO 
6.0V 



SCK cycle time tKcv 3.0 



3.3 



8.0 



SCK pulse 
width, high 



tKH 



1.3 



1.45 



Note: 

(1) tcY = 2/fccO''2/fc 



MS 



Input; Vdd=4.5V 
to 6.0 V 



MS 



Output; 

VDD=4.5Vto 

6.0V 



jLiS Input 







9.5 


jiiS Output 


SCK pulse 


tKL 


4.0 


ixs Input 


width, low 


4.7 


^s Output 



MS 



Input; Vdd=4.5V 
to 6.0 V 



MS 



Output; 

VDD=4.5Vto 

6.0V 



SI set-up time 
(to rising-edge 
of SCK) 


tsiK 


300 




ns 




SI hold time 
(after rising- 
edge of SCK) 


^KSI 


450 




ns 




SO output delay 
time (after 


^KSO 




850 


ns 


VDD=4.5Vto 
6.0V 


falling-edge of 
SCK) 




1200 


ns 




INTO pulse 
width, high, low 


t|OH. 
t|OL 


10 




MS 




RESET pulse 
width, high, low 


tRSH- 
tRSL 


10 




MS 
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iAPD75CG38E 

Ta= -10°Cto +70°C,Vdd= +5V±10% 



Oscillation Characteristics 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


TVP Hflax 


Conditions 


Cycle time 
(Note 1) 


tCY 


4.0 


200 


ptS 




POo event input 
frequency 


fpo 





500 


kHz 




POq input rise 
time 


tpOR 




0.2 


^s 




POo input fall 
time 


tpOF 




0.2 


MS 




POq input pulse 
width, high, low 


tpOH. 
tpOL 


0.8 




MS 




SCK cycle time 


tKCY 


3.0 




MS 


Input 




4.0 




MS 


Output 


SCK pulse 
width, low 


tKL 


1.8 




MS 


Output 


SCK pulse 
width, high 


^KH 


1.3 




MS 


Input 


SI set-up time 
(to rising-edge 
of SCK) 


^SIK 


300 




ns 




SI hold time 
(after 

rising-edge of 
SCK) 


tKSI 


450 




ns 




SO output delay 
time (after 
falling-edge of 
SCK) 


tKSO 




850 


ns 




INTO pulse 
width, high, low 


t|OH. 
t|OL 


10 




MS 




RESET pulse 
width, high, low 


tRSH. 
tRSL 


10 




MS 




Data input delay tAcc 
time from 
address 




700 


ns 




Data input_delay tcE 
time from CE 




700 


ns 




Input hold time 
after address 


t|H 







ns 





Note: 

(1) tcY = 2/fcC 



or2/fc 



AC Waveform Measurement Points (Except CL1) 



X0.7V| 
0£V, 



Vdd. 

DP"* 



0.7VDDr/" 
0-3VDD-A 



IAPD7537A/38A 

Ta= -10°Cto -i-70°C,Vdd = 2.7 V to 6.0 V 






Limits 


Unit 


Test 




Conditions 



System clock fee 390 400 410 kHz (Note 2) 

oscillation 7537A VDD = 4.0to6.0V 

Im?T^ f^^ 390 600 610 kHz VDD = 4.5to6.0V 

(Notel) 753gA 



Oscillation stable tQs 
time (Notel) 


20 




ms 


(Note 3) 


System clock 
CL1 input 


fc 


10 


610 


kHz 


VDD = 4.5Vto 
6.0V 


frequency 
(Note 4) 


10 


210 


kHz 




CL1 input rise 
time 


kR 




0.1 


MS 




CL1 input fall 
time 


tCF 




0.1 


MS 




CL1 input pulse 
width, low 


tCL 


2.0 


50 


MS 




CL1 input pulse 
width, high 


tCH 


0.7 


50 


MS 


VDD = 4.5VtO 
6.0V 



Note: 

(1) Cerannic resonator: CSB400P (MURATA) or KBR-400B (KYO-CERA) is 
recomnnended (see figure 3). 

(2) Oscillation is only guaranteed at 3V<Vd[)< 4.5 V. 

(3) After Vdd reaches 4.5 V. 

(4) External clock (see figure 4). 

^xPD75CG38E 



TA=-10XtO 


-i-70°C, 


Vdd = 


5V±10% 








Symboi 




Limits 




Unit 


Test 




IMin 


TVP 


Max 


Conditions 


System clock 
oscillation 
frequency 
(Note 1) 


fee 


390 


400 


410 


kHz 




Oscillation stable 
time (Note 1) 


tos 


20 






ms 


After Vdd reaches 
4.5V 


System clock 
CL1 input 
frequency 
(Note 2) 


fc 


10 




500 


kHz 




CL1 input rise 
time 


tOR 






0.1 


MS 




CL1 input fall 
time 


tCF 






0.1 


MS 




CL1 input pulse 
width high, low 


tCH. 
tCL 


0.8 




50 


MS 





Note: 

(1) Ceramic resonator: CSB400P (MURATA) is recommended; C = 300 pF 
(see figure 3). 

(2) External clock (see figure 4). 
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Figure 3. Recommended Circuit, \xPD7537A/753BA 



Data Retention Mode Timing 




Figure 4. Recommended Circuit, ixPD75CG38E 



CL1 CL2 



'-D>cJ 



lc\ 



Stop Mode Low Voltage Data Retention 
Characteristics 



IAPD7537A/38A 

TA=-10°Cto+70°C,VDD = 


2.7 V to 6.0 V 








Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


lyp 


Max 


Conditions 


Data retention 
supply voltage 


Vdddr 


2.0 




6.0 


V 




Data retention 
supply current 


Idddr 




0.1 


10 


^A 


VdDDR = 2V 
(Note1) 






7 


30 


mA 


VdDDR = 2V 
(Note 2) 


RESET set-up 
time 


tSRS 









MS 




Oscillation stable tos 
time 


20 






ms 


After Vdd reaches 
4.5V 


iAPD75CG38E 

TA=-10°Cto-l-70°C, 


Vdd = 


:5V±10% 








Symbol 




Limits 




Unit 


Test 


Parameter 


MIn 


TVp 


Max 


Conditions 


Data retention 
supply voltage 


Vdddr 


2.0 




5.5 


V 




Data retention 
supply current 


•dddr 




7 


30 


mA 


Vdddr=2V 


RESET set-up 
time 


tSRS 









MS 




Oscillation stable tos 
time 


20 






ms 


After Vdd reaches 
4.5 V 



Note: 

(1) Without zero-cross detector. 

(2) With zero-cross detector. 
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Operating 
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RESET 
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/iPD75CG38E EPROM Interface 

A 4-Kbyte EPROM (2732) plugs into socket pins on top of 
the jL(PD75CG38E. A high input to IVISEL selects the 
jL(PD7537A mode and fixes the An output high level in or- 
der to access the upper 2-Kbytes of the 4-Kbyte EPROM. 
When MSEL is open, /iPD7538A mode is selected. All 
EPROM addresses can be accessed because A-|-| func- 
tions as the MSB of the address. Figure 5 shows the ad- 
dress control unit. Figures 6 and 7 show the 
MPD75CG38E connected with the 2732. 

Figure 8 shows the EPROM read timing. Data is read 
into the instru^t^^on buffer at the end of the T4 state. The 
chip enable (CE) signal is made active during 2 states 
(T3, T4) in order to decrease the power consumption of 
the EPROM. 

Figure 5. Address Control Unit 
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Figure 6. Connection iv/t/i f/ie 2732 {\iPD75Z7A Mode) Figure 7. Connection with t/ie 2732 (iJiPD7538A Mode) 
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Figure 8. EPROM Read Timing 













14 


r 


T1 




T2 


T3 


V 


T4 


CL1 
(External) 


\ 




V 




/ 


/ \ 


Aq-A-ii 










A 


ddress 






X 


CE 


>- 







/ 


I0-I7 






--< 


Read Data 


">- — 

49-00 1072A 



3-95 



ii/PD7537AI38AI75CG38E 



SEC 



Timing Waveforms 

EPROM (iaPD75CG38E only) 
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Serial Interface 
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Differences Among the 
MPD7537A/38A/CQ38E 





MPD75CQ38E 


MPD7537A mPD7538A 


Program memory 


4KbyteEPR0M 
(2732) 
connectable 
on top 


On-chip 2 Kbyte On-chip 4 Kbyte 
ROM ROIVI 


Data memory 
(RAM) 


160x4 


128x4 


160x4 


High-voltage 
output lines 


All open-drain 
outputs 


On-chip load resistor or open drain 
output (bit by bit, mask optional) 


ViOADPin 


No 




Yes 


Zero-cross 
detection 


Yes 




Mask optional 


Package 


42-pin ceramic 
piggyback DIP 
bottom pin 
compatible with 
fiPD7537A/38A 




42-pin plastic DIP 

42-pin plastic 

shrink DIP 


Power supply 


5V 




2.7Vto6.0V 
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JIIPD7554/54A/64/64A 

4-Bit, Single-Chip 

CIVIOS IMicrocomputers 

With Serial I/O 



Description 

The /iPD7554/54A and /iPD7564/64A are low-end ver- 
sions of /iPD7500 series products. These microcomput- 
ers incorporate a serial interface and are useful as slave 
CPUs to high-end ^PD7500 series or 8-blt /iCOM-87 
series products. 

The /iPD7554/54A/64/64A has output ports that can 
directly drive triacs and LEDs. Also, various mask- 
optional I/O circuits can be configured for a wide 
selection of outputs allowing a reduction of external 
circuitry In your design. 

The /iPD7554/54A and /iPD7564/64A differ only in their 
clock circuitry The/iPD7554/54A uses an external resis- 
tor with an internal capacitor for an RC oscillator clock, 
where the /iPD7554/54A uses an external ceramic oscil- 
lator as a clock. These microcomputers are ideally 
suited to control devices such as plain paper copiers 
(PPCs), printers, VCRs, and audio equipment. 

Features 

° 47 instructions (subset of /iPD7500 set B) 

° Instruction cycle: 

— External clock: 2.86 jus/700 kHz, 5 V 

— RC oscillator OiPD7554/54A): 4/is/500 kHz, 5 V 

— Ceramic oscillator Ol/PD7564/64A): 
3^s/660kHz, 5V 

° Program memory (ROM) of 1024 x 8-bits 

n Data memory (RAM) of 64 x 4-bits 

n 8-bit timer/event counter 

n 8-bit serial interface 

n I/O lines: 16-/iPD7554/54A; 15-/iPD7564/64A 

n Data memory retention at low supply voltage 

n CMOS technology 

n Low-power consumption 

n Single power supply 

— 2.5 to 6.0 V 0L/PD7554/54A) 

— 2.7 to 6. V (iL/PD7564/64A) 

— 2.0 to 6.0 V 0L/PD7554A) 



Ordering Information 



Part Number 



Package Type 



/iPD7554CS 



20-pin plastic shrinl< DIP 



JL/PD7554ACS 



/iPD7564CS 



/iPD7564ACS 



/iPD7554G 



20 -pin plastic SOP 



/iPD7554AG 



iL/PD7564G 



/iPD7564AG 



Pin Configurations 
20-Pm Plastic Shrink DIP 



20-Pin Plastic SOP 



POq/INTo C 


1 V 


J 20 


1 GND 




PO1/SCK c 


2 


19 


3 PII3 




PO2/SO c 


3 


18 


1 PII2 




PO1/SI E 


4 ?: 17 


3 P^\ 




P80 c 


5 t 


^ 16 


3 PII0 




P81 C 


6 I 15 


3 PIO3 




P82 C 


7 \ 14 


3 P102 




CL2(P83) C 


8 


13 


3 Pio^ 




CL1 C 


9 


12 


3 piOq 




Vdd C 


10 


11 


3 RESET 


83SL-6850A 























POq/INTo C 


1 • 




20 


3 GND 


PO1/SCK L 


2 


^ 


19 


3 PII3 




PO2/SO C 


3 


1 


18 


3 P1I2 




PO1/SI C 


4 


S 


17 


D Pii^ 




P80 c 


5 


5 


16 


3 pi1q 




P81 C 


6 


Q 


15 


1 P1O3 




P82 c 


7 


14 


3 P1O2 




CL2(P83) C 


8 


'i 


13 


D PIO^ 




CL1 C 


9 




12 


1 PIOq 




Vdd C 


10 




11 


3 RESET 


83SL-6851A 













3-99 



j;jPD7554/54A/64/64A 



HEC 



Pin identification 



Symbol 


Function 


POo/INTO 
PO1/SCK 
PO2/SP 
PO3/SI 


4-bit input port 0/count clocl< input/serial 
interface 


P80-P82 
P83/CL2 


4-bit output port 8 

Connection for ceramic resonator or RC 


CL1 


Connection for ceramic resonator or RC 


Vdd 


+5 V power supply 


RESET 


Reset Input pin 


P10rP103 


4-bit I/O port 10 


PII0-PII3 


4-bit I/O port 11 


Vss 


Ground 


PIN FUNCTIONS 



POo/INTO, PO1/SCK 

PO2/SO, PO3/SI 

(Port 0/Count clock input/Serial interface) 

4-blt input port 0/count clock input/serial I/O interface. 
Tills port can be configured as a 4-blt parallel input port 
or as the 8-bit serial I/O interface, under control of the 
seria l mode select regis ter The se rial input SI (active 
high) , serial output SO (active low), as the serial clock 
SCK (active low— synchronizes data transfer) comprise 
the 8-blt serial I/O interface. If POq/INTO is unused, 
connect it to ground. If any of POrPOa are unused, 
connect them to ground or Vdd- The port is in the input 
state at reset. 

P80-P82, P83-CL2 
(Port 8/Ciock input 2) 

4-bit output port 8. This port can sink 15 mA and 
interface 12 V. On the iaPD7554/54A, the port function of 
P83/CL2 Is specified by mask option. P83 is a normal 
output port on the /[aPD7564/64A. On the /[aPD7554/54A, 
CL2 is one of the pins to which a resistor for RC 
oscillation is connected. On the ^PD7564/64A, CL2 is 
one of the pins to which a ceramic resonator is con- 
nected. If any of P80-P82 pins are unused, leave them 
open. The port is In the high impedance state at reset. 

CL1 (Clock input 1) 

On the ^PD7554/54A, CL1 is one of the two pins to which 
a resistor for RC oscillation is connected. On the 
iLtPD7564/64A, CL1 is one of the two pins to which a 
ceramic resonator is connected. 



Vdd (Power supply) 

Positive power supply 

RESET (Reset) 

System reset input pin (active high). This pin can be 
internally connected to a pull-down resistor if specified 
by mask option. 

P10o-P103(Port10) 

4-bit I/O port. This port can sink 10 mA and interface 
12 V. If any of these pins are unused, connect them to 
ground or Vdd '" the input state, or leave open in the 
output state. The port is in the high impedance or 
high-level output state at reset. 

PII0-PII3 (Port 11) 

4-bit I/O port. This port can sink 10 mA and interface 
12 V. If any of these pins are unused, connect them to 
ground or Vdd in the input state, or leave open In the 
output state. The port is in the high impedance or 
high-level output state at reset. 

Vss (Ground) 

Ground. 

Pin Mask Options 

Table 1 shows the mask options for all the port pins and 
the RESET pin. You may select these options in bit units. 



Tabie f . 


Pin Mask Options 


Pin 


options 


PO0-PO3 


1 
2 
3 


No connection to internal resistor 
Connected to internal pull-up resistor 
Connected to internal pull-down resistor 


P80-P82 


1 
2 


CMOS (push-pull) output 
N-channel, open-drain output 


P83/CL2 (1) 


1 
2 


UseasPSa 
Use as CL2 


Used as P83 


1 
2 


CMOS (push-pull) output 
N-channel, open-drain output 


PIO0-PIO3 
PII0-PII3 


1 
2 
3 


N-channel, open drain input/output 

CMOS (push-pull) input/output 

N-channel, open-drain input/output with internal 

pull-up resistor 


RESET 


1 
2 


Connected to internal pull-down resistor 
Not connected to internal pull-down resistor 



Notes: 

(1) jaPD7554/54A only. 
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fiPD7554/54A Block Diagram 
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i[4PD7564/64A Block Diagram 
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FUNCTIONAL DESCRIPTION 

I/O Ports 

Figure 1 shows the internal circuits at I/O ports PO, P8, 
RIO, andP11. 



Figure f - Interface at I/O Ports 
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Program Memory 

The iDtPD7554/54A/64/64A has a mask-programmable 
ROM with a capacity of 1024 words by 8 bits for program 
storage. It is addressed by the program counter The 
reset start address is OOOH. Figure 2 shows the program 
memory map. 

General-Purpose Registers 

Two registers, H (2-bit) and L(4-bit), are provided as 
general-purpose registers. Each register can be individ- 
ually manipulated. The two registers also form pair 
register HL; H being the high register and L being the low 
one. The HL register is a data pointer to address data 
memory. Figure 3 shows the configuration of the general 
purpose registers. 

The L register also specifies an I/O port or mode register 
when an I/O instruction (IPL or OPL) is executed. It also 
specifies the bits of a port when the SPBL or RPBL 
instruction is executed. 

Data Memory 

The data memory is static RAM with a capacity of 64 
words by 4 bits. Part of this memory is used as the stack 
area. The data memory Is also used in 8 -bit data pro- 
cessing when paired with the accumulator. Figure 4 
shows the data memory map. 

Data memory can be addressed directly, with the imme- 
diate data from an instruction; indirectly, with the con- 
tents of HL (including auto-increment and auto- 
decrement); and indirectly by the contents of the stack 
pointer. 

You may use any area of the data memory as the stack. 
The boundary of the stack is determined by how the 
TAMSP instruction initializes the stack pointer. Once the 
boundary is set, a call or return instruction automatically 
accesses the stack. 

When a call instruction Is executed, the contents of the 
program counter and the program status word (PSW) are 
stored to the stack in the sequence shown in figure 5. 

When a return instruction is executed, the contents of 
the program counter are automatically restored, but the 
PSW IS not. The contents of data memory can be retained 
with a low supply voltage during STOP mode. 

Accumulator 

The accumulator is a 4-bit register used in arithmetic 
operations. The accumulator can process 8-bit data with 
paired data addressed by HL. Figure 6 shows the config- 
uration of the accumulator 



Arithmetic Logic Unit 

The arithmetic logic unit (ALU) is a 4-bit arithmetic 
circuit that performs operations such as binary addition, 
logical operation, increment, decrement, comparison, 
and bit processing. 

Program Status Word 

The program status word (PSW) consists of two skip 
flags (SKO and SK1), a carry flag (0), and bit 1, which is 
always zero. Figure 7 shows the configuration of the 
PSW 

The contents of the PSW are stored to the stack when a 
call instruction is executed, but are not restored from 
the stack by the return instruction. 

The skip flags retain the following skip conditions: string 
effect by LAI or LHLI instruction, and skip condition 
satisfied by an instruction other than a string-effect 
instruction. The skip flag is set or reset according to the 
instruction executed. 

The carry flag is set to 1 if an addition instruction (ACSC) 
generates a carry from bit 3 of the ALU. If no carry is 
generated, the flag is reset to zero. The SO instruction 
sets the carry flag and the RC instruction resets it. 

When a RESET Is input, the SK1 and SKO flags are 
cleared to zero and the contents of the carry flag are 
undefined. 

Figure 2, Program Memory Map 
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Figure 4. Data Memory Map 
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Figure 5. Cali Instruction Storage to Steele 
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System Clock Generator 

The system clock generator consists of a ceramic oscil- 
lator, a 1/2 frequency divider, standby modes (STOP/ 
HALT), and control circuit. Figure 8 is a circuit diagram of 
the system clock generator 

In the jLiPD7554/54A, the RC oscillator operates with a 
single external resistor connected across CL1 and CL2 
(the capacitor C is incorporated). When the RC oscillator 
is not used, external clock pulses can be input by the 
CL1 pin. In this case, the RC oscillator functions as an 
inverting buffer. The output from the RC oscillator serves 
as the system clock (CL) which is then divided by two 
and used as the CPU clock (<!>). 

The standby mode control circuit is made up of a STOP 
flip-flop and a HALT flip-flop. The STOP instruction sets 
the STOP flip-flop and stops the system clock supply 



This flip-flop also stops the RC oscillator The STOP 
flip-flop is reset by the standby release signal that 
becomes active when one of the test requests flags is set 
or at the falling edge of the RESET signal. When the 
STOP flip-flop is reset, the RC oscillator resumes opera- 
tion and supplies the system clock. 

The HALT and STOP instructions and RESET HIGH set 
the HALT flip-flop which disables signals from going to 
the 1/2 frequency divider that generates the CPU clock. 
Only the CPU clock stops in HALT mode. The HALT 
flip-flop is reset by the same conditions as the STOP 
flip-flop. 

Figure 9 shows the system clock generator circuit for the 
i[4PD7564/64A. 

On the iuPD7564/64A, the ceramic oscillator operates 
with a ceramic resonator connected across CL1 and 
CL2. The output from the ceramic oscillator is used as 
the systern clock (CL); it is divided by two to produce the 
CPU clock (<^). 

The standby mode control circuit is made up of a STOP 
flip-flop and a HALT flip-flop. The STOP instruction sets 
the STOP flip-flop and stops the ceramic oscillation, 
thus stopping the supply for all clocks. The STOP flip- 
flop is reset by the RESET signal (high level) and restarts 
ceramic oscillation. The supply of each clocik resumes 
when RESET goes low. 

The HALT instruction sets the HALT flip-flop which dis- 
ables signals from going to the 1/2 frequency divider that 
generates the CPU clock. Only the CPU clock stops in 
HALT mode. The HALT flip-flop is reset by the HALT 
RELEASE signal (activated by setting at least one test 
request flag) or the falling edge of RESET, resuming 
supply of the CPU clock. 

The HALT flip-flop is also set when RESET Is active (high 
level). At power on reset operation, the rising edge of 
RESET starts ceramic oscillation; however, some time is 
required to achieve stable oscillation. To prevent the 
unstable clock from operating the CPU, the HALT flip- 
flop is set and the CPU clock is stopped while RESET is 
high. Accordingly, the high-level width of RESET must be 
more than the required stable time for the ceramic 
resonator. 
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Clock Control Circuit 

The clock control circuit consists of a 2-bit clock mode 
register (bits CM1 and CM2), prescalers 1, 2, and 3, and 
a multiplexer. It takes the output of the system clock 
generator (CL) and event pulses (POq). It also selects the 
clock source and prescaler according to the setting in 
the clock mode register and supplies the timer/event 
counter with count pulses. Figure 10 shows the clock 
control circuit. 

Table 2 lists the codes set in the clock mode register by 
the OPL instruction to specify the count pulse frequency 

When you set the clock mode register with the OPL 
instruction, clear bit of the accumulator (correspond- 
ing to bit CMC of the EVAKIT-7500 or /aPD7500H during 
emulation). 

Figure 10. Clock Control Circuit 
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Timer/Event Counter 

The timer/event counter is a binary 8-bit up-counter 
which is incremented each time a count pulse is input. 
The TIMER instruction or a RESET signal clears it to 
OGH. When an overflow occurs, the counter is reset from 
FFH to OOH. Figure 11 shows the inputs and outputs of 
the counter 

Serial Interface 

The serial interface consist of an 8-bit shift register, a 
3-bit shift mode register, and a 3-bit counter. This inter- 
face inputs and outputs serial data. Figure 12 is a block 
diagram of the interface. 

Test Control Circuit 

The ;iPD7564/64A has three test sources, as shown in 
table 3. 

The test control circuit consists of two test request flags 
(INTT RQF and INTO/S RQF) set by the three test 
sources, and a test request flag control circuit that 
checks the contents of each test request flag by execut- 
ing an SKI instruction and resetting the flags. 

Test sources INTO and INTS share the request flag 
INTO/S RQR Bit 3 of the shift mode register (SM3) 
determines which source is selected. A zero in SM3 
selects INTS and a one selects INTO. 

Figure 11, Timer/Event Counter 



Count 
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*Timer 
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Tables, 


fiPD7564/64A Test Sources 




Source 


Function 


Location 


Request Flag 


INTT 


Overflow In timer/ 
event counter 


Internal 


INTT RQF 


INTO 


Test request signal 
from POo pin 


External 


INTO/S RQF 


INTS 


Transfer complete 
signal from serial 
interface 


Internal 


INTO/SRQF 



The request flag INTT RQF is set when a timer overflow 
occurs In the timer event counter. The SKI or TIMER 
instruction resets it. 

When SM3 is zero, request flag INTO/S RQF is set when 
the INTS signals is generated, indicating the end of an 
8-bit serial data transfer. The SKI or SIO instruction 
resets the flag. 



When SM3 is one, request flag INTO/S RQF is set at the 
rising edge of the signal input to the POq/INTO pin. The 
SKI instruction resets the flag. 

The logical sum of the outputs from the test request flags 
releases standby mode (ST0P1 or HALT mode). The 
mode is released when one or both flags are set. Both 
flags and SM3 are reset when the RESET signal is Input. 
After reset, source INTS is selected and signal input to 
the INTO pin is inhibited as the initial condition. 

Figure 13 is a block diagram of the test control circuit. 
Note: (1) OnlyittPD7554/54A. 



Figure 12, Serial Interlace Block Dit^ram 
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(1) <)> is the internal clock signal (i.e., system clocl(). 

(2) * Instruction execution 

(3) SM3 and INTO are input to the test control circuit. 
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SM3 



Test RQF 
Control 



Nonsync 
Edge Gate 




Nonsync 
Edge Gate 



^tM 



I NTT 
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(1) SM3 is bit 3 of the shift mode register. 

(2) * Instruction execution 



Standby Modes 

The i[iPD7554/54A/64/64A has two standby modes to 
reduce power consumption while the program is in the 
wait state. The STOP and HALT instructions set these 
modes. 

When the program enters a standby mode, program 
execution stops and the contents of all registers and 
data memory immediately before the program entered 
standby mode are retained. The timer and serial inter- 
face can operate. 

The RESET signal and STANDBY Release sIgnalO) re- 
lease STOP mode. HALT mode is released when one or 
both of the test request flags are set, or when the RESET 
signal is input. The program cannot enter a standby 
mode when a test request is being set, even if the STOP 
or HALT command is executed. 

If there is some uncertainty about the state of the test 
request flags, execute the SKI instruction to reset them 
so the program can enter standby mode. 

Table 4 compares STOP and HALT modes. The main 
difference is that STOP mode stops the system clock and 
HALT does not. Ceramic oscillation stops during STOP 
mode. The power consumed by the ceramic oscillator is 



the difference between the two modes. In STOP mode, 
data memory can be retained with a lower supply 
vc 



Note: (1) Standby release signal for /tPD7554/54A only 
Table 4, STOP and HALT Modes 



Mode 


CL 


4> 


POo 


CPU 


Timer 


Released by 


STOP 


X 


X 





X 


A 


RESET Input 


HALT 





X 





X 





INTTRQF 
INTO/S RQF 
RESET Input 



Notes: 

(1) 0: operates, x: stops. 

A: operates depending on clock source. jttPD7554/54A; if external 
clock Is used, STOP Instruction will not stop CL. In this case 
STOP mode acts as HALT mode. 



Power-on Reset Circuit 

Figure 14 shows a circuit example of the power-on reset 
circuit using a resistor and a capacitor. This is the 
simplest reset control circuit. Figure 15 shows the circuit 
with a pull-down resistor Internally connected to RESET 
as a mask option. 
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/iPD7554/54A/64/64A AppI icat ions 

Figures 16 and 1 7 show examples of application circuits 
for the iitPD7654/54A/64/64A. 

Table 5 compares the features of the low-end products of 
the 7500 series devices. 

Figure 14. Power-on Reset Circuit 



Figure IS. Power-on Reset Circuit wit it Puii-down 
Resistor 



Vdd 


HPD7554/64 


83-002624A 


+ - 

•< 
/7 


: 


RESET 


>• 
> 

7 









Vdd 


MPD7554/64 


83-002625A 


RESET 




^Vss 





Tabie 5. Product Comparison 



Item 



^PD7554/54A 



/*PD7564/64A 



ittPD7556/56A 



jttPD7566/66A 



Instruction 
cycle/system 
clock (5 V) 



RC 



4iuS/ 
500 kHz 



External 



2.86 jus/ 
700 kHz 



4jttS/ 
500 kHz 



2.86 jus/ 
700 kHz 



Ceramic 


3 MS/ 
660 kHz 




Sjtts/ 
660 kHz 


Instruction set 


47 


47 


45 


45 


ROM 


1024 X 8 


1024 X 8 


1024 X 8 


1024 X 8 


RAM 


64x4 


64x4 


64x4 


64x4 


I/O port total 


16 (max) 


15 


20 (max) 


19 


Porto 


PO0-PO3 


PO0-PO3 


PO0-PO1 


PO0-PO1 


Porti 






PI0-PI3 


PO1.PO3 


Port 8 


P80-P82 
P83/CL2 


P80-P82 


P8(rP82 
P83/CL2 


P80-P82 


Ports 






P9o-P9i 


P9o-P9i 


Port 10 


PIO0-PIO3 


PIO0-PIO3 


PIO0-PIO3 


PIO0-PIO3 


Port 11 


PII0-PII3 


PII0-PII3 


PII0-PII3 


PII0-PII3 


Tinner/Event 
counter 


8-blt 


8-blt 


8-blt 


8-bit 


Serial Interface 


8-blt 


8-blt 






Comparator 






4-channel 


4-channel 


Process 


CMOS 


CMOS 


CMOS 


CMOS 


Package 


20-pin plastic SOP 


20-pln plastic SOP 


24-pin plastic SOP 


24-pin plastic SOP 




20-pln shrink DIP 


20-pin shrink DIP 


24-pin shrink DIP 


24-pln shrink DIP 
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Figure 1G. Tape Counter Circuit 






























' 


Master 




! 

Microcomputer ~ 
for Tape Counter | 


Count Pulse 

Up/Down Signal 


83-002626B 




40UT 

SCK 

SO 

MPD7507H ^' 
MPD7S08H 




RESET 
CLI POo/INTO 

scic PII3 

MPD7554 
SI 

so 

P80 P81 P82 P83 PIO0 ~ PII2 










T 














► ^ 


> 


Driver (hPA80C) 


< 




1 1 11 


<^ ^ 




1 1 
\_\ 


1 1 
\_\ 


1 1 
\_\ 


\ \ 


— ' 


















7-segment LEDs 







Figure 17. Remote-controlled Data Reception, Key Input and LED Display 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 



Operating temperature, Topt 


-lOto +7Q»C 


Storage temperature, T^q 


-55 to +150°C 


Power supply voltage, Vqd 


-0.3 to +7.0 V 


Input voltage. V| 
Except ports 10, 11 


-0.3 to Vdd +0.3 V 


Ports 10, 11 (Note 1) 
(Note 2) 
IKP07554A/64A only (Note 2) 


-0.3tbVDD+0.3V 
-0.3 to +13 V 
-0.3 to +11 V 


Output voltage, Vq 
ExceptportsS, 10, 11 


-0.3 to Vdd +0.3 V 


PortsS, 10, ll(Notel) 
(Note 2) 
/*PD7554A/64A only (Note 2) 


-0.3 to Vdd +0-3 V 

-0.3 to +13 V 

-0.3 V to +11 V 


Output current, high Iqh 
One port 
All output ports, total 


-5 mA 



Output current, low Iql 
P0i,P02 
Ports 9-11 
Ports 
All ports, total 



Power dissipation, Pd (Ta «! +70^0) 
Shrink DIP 
SOP 



5 mA 

15 mA 

30 mA 

100 mA 



480 mW 
250 mW 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limjts specified 
under DC and AC Characteristics. 



Notes: 



(1) CMOS I/O or N-channel open drain + internal pull up resistor. 

(2) N-channel open drain I/O. 



Capacitance 

Ta « 25''C, Vdd = GND « V; f = 1 MHz 
Unmeasured pins returned to GND 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input capacitance 


C, 






15 


PF 


POo, PO3 


Output capacitance 


Co 






35 


PF 


Porta 


I/O capacitance 


0|/o 






35 


pF 


Ports 10, 11 








15 


pF 


P0i,P02 
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DC Characteristics 1; Vdd = 

Ta = -10 to +70°C; GND = V 


2.5 to 3.3 V; /IPD7554/54A 






Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input high voltage except CL1 


V|H1 


0.8 Vdd 




Vdd 


V 




Input high voltage CL1 


V|H2 


Vdd -0.3 




Vdd 


V 




Input high voltage ports 10, 11 


V|H3 


0.8 Vdd 




12 (Note 1); 
9 (Note 2) 


V 




Input high voltage RESET 


V|HDR 


0-9 Vdddr 




Vdddr + 0.2 


V 


Data retention mode 


Input low voltage except CL1 


V|L1 







0.2 Vdd 


V 




Input low voltage CL1 


V|L2 







0.3 


V 




Input leakage current except CL1 


Ilii 


-3 




3 


M 


V :s V| ^ Vdd 


Input leakage current CL1 


IlI2 


-10 




10 


M 


V < V| ^ Vdd 


Input leakage current ports 10, 11 


IlI3 






10 (Note 1) 


fxA 


V, = 12 V 








10 (Note 2) 


M 


V| = 9 V 


Output voltage high PO-j, PO2, 
ports 8-11 


VOH 


Vdd -1.0 






V 


loH = -80 |nA 


Output voltage low PO-j, PO2, 
ports 10, 11 


Vol 






0.5 


V 


PO1. P02:loL = 350 M; 
Ports 10, 11: loL = 350 juA 


Output voltage low port 8 


Vol 






0.5 


V 


lOL = 500 mA 


Output leakage current 


Iloi 


-3 




3 


M 


V ^ Vo ^ Vdd 


Output leakage current ports 8-11 


Il02 






10 (Notes 1,2) 


fxA 


Vo = 12 V iaPD7554; Vq = 9 V juPD7554A 


Supply voltage, data retention mode 


Vdddr 


2.0 




6.0 


V 




Supply current, normal operation; 


Iddi 




55 


180 


fxA 


Vdd = 3 V ±0.3 V; R = 150 kO ±2% 


R oscillation (Note 3) 




40 


150 


{xA 


Vdd = 2.5 V;R = 150 ki2 ±2% 


Supply current, HALT mode; 


bD2 




25 


80 


fxA 


Vdd = 3 V ±0.3 V; R = 150 kQ ±2% 


R oscillation (Note 3) 




18 


60 


M 


Vdd = 2.5 V;R = 150 kQ ±2% 


Supply current, STOP mode (Note 3) 


IdD3 




0.1 


5 


M 




Supply current, data retention 
mode (Note 3) 


•dddr 




0.1 


5 


fxA 


Vdddr = 2.0 V 


Pull-up/down resistance, port Q, RESET 


RP1 


23.5 


47 


70.5 


kQ 




Pull-up resistance, ports 8-11 


RP2 


7.5 


15 


22.5 


kQ 





Notes: 

(1) N-channel, open drain I/O ports, jaPD7554. 

(2) N-channel, open drain I/O ports, iaPD7554A. 

(3) Current in built-in pull-up/down resistors excluded. 
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DC Characteristics 2; Vdd = 2.7 to 6.0 V; 

Ta = -10 to +70°C; GND = V 


; /iPD7554/54A/64/64A 






Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input high voltage except CL1 


V|H1 


0.7 Vdd 




Vdd 


V 




Input high voltage CL1 (Note 2) 


V|H2 


Vdd -0.5 




Vdd 


V 




Input high voltage ports 10, 11 


V,H3 


0.7 Vdd 




12 (Note 1); 
9 (Note 2) 


V 




Input high voltage RESET 


VlHDR 


0.9 Vdddr 




Vdddr + 0.2 


V 


Data retention mode 


Input low voltage except CL1 (Note 3) 


V|L1 







0.3 Vdd 


V 




Input low voltage CL1 


V,L2 







0.5 


V 




Input leakage current except CL1 (Note 3) 


Ilii 


-3 




3 


M 


V ^ V, 5 Vdd 


Input leakage current CL1 


IlI2 


-10 




10 


fxA 


V :s V, ^ Vdd 


Input leakage current ports 10, 11 (Note 4) 


IlI3 






10 


fxA 


V, = 9V(7554A);or12V 


Output voltage high POi, PO2, ports 8-11 


lOH 


Vdd -2.0 






V 


Vdd = 4.5 to 6.0 V; Iqh = -1 mA 




VOH 


Vdd -1-0 






V 


Vdd = 2.7 V; Iqh = -100iaA 


Output voltage low PO-j, PO2 


Vol 






0.4 


V 


Vdd = 4.5 to 6.0 V; Iql = 1.6 mA 








0.5 


V 


IOL = 400|aA 


Output voltage low ports 10, 11 


Vol 






0.4 


V 


Vdd = 4.5 to 6.0 V; Iql = 1.6 mA 








2.0 


V 


Vdd = 4.5 to 6.0 V; Iql = 10 mA 








0.5 


V 


lOL = 400 jaA 


Output voltage low port 8 


Vol 






2.0 


V 


Vdd = 4.5 to 6.0 V; Iql = 15 mA 








0.5 


V 


lOL = 600 jaA 


Output leakage current 


'loi 


-3 




3 


>A 


V ^ Vo ^ Vdd 


Output leakage current, port 8-11 (Note 4) 


Il02 






10 


M 


Vo = 12 V /HPD7554/64; Vq = 9 V 
jiiPD7554A/64A 


Supply voltage, data retention mode 


Vdddr 


2.0 




6.0 


V 




Supply current, normal operation; 


'ddi 




650 


2200 


M 


Vdd = 5 V ±0.5 V; foe = 700 kHz 


ceramic oscillation (Notes 3, 5) 




120 


360 


M 


Vdd = 3 V ±10%; fee = 300 kHz 


Supply current, normal operation; 


'ddi 




270 


900 


M 


Vdd = 5 V ±0.5 V; R = 56 ki2 ±2% 


R oscillation (Note 3) 




80 


240 


M 


Vdd = 3 V ±10%; R = 100 kfi ±2% 


Supply current, HALT mode; 


IdD2 




450 


1500 


M 


Vdd = 5 V ±0.5 V; fee = 700 kHz 


ceramic oscillation (Notes 3, 5) 




65 


200 


fxA 


Vdd = 3.0 V ±10%; fee = 300 kHz 


Supply current, HALT mode; 


IdD2 




120 


400 


fxA 


Vdd = 5 V ±0.5 V; R = 56 kQ ±2% 


R oscillation (Note 3) 




35 


110 


}xA 


Vdd = 3 V ±10%; R = 100 kO ±2% 


Supply current, STOP mode (Note 3) 


IdD3 




0.1 


10 


fxA 


Vdd = 5V±0.5V 






0.1 


5 


jtiA 


Vdd = 3V±10% 


Supply current, data retention mode (Note 3) 


'dddr 




0.1 


5 


M 


Vdddr = 2.0 V 


Pull-up/down resistance, port 0, RESET 


RP1 


23.5 


47 


70.5 


kO 




Pull-up resistance, ports 8-11 


RP2 


7.5 


15 


22.5 


kQ 





Notes: 

(1) jttPD7554/64. 

(2) jaPD7554A/64A. 

(3) Current in built-in pull-up/down resistors excluded. 



(4) N-channel, open-drain I/O ports. 

(5) jttPD7564/64A. 
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DC Characteristics 3; Vdd = 2.0 to 3.3 V; /4PD7554A only 

Ta = -10 to +70°C; GND = V 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input high voltage except CL1 


V|H1 


0.8 Vdd 




Vdd 


V 




Input high voltage CL1 


V|H2 


Vdd -0.2 




Vdd 


V 




Input high voltage ports 10, 11 


V|H3 


0.85 Vdd 




9 


V 




Input high voltage RESET 


V|HDR 


0.9 Vdddr 




Vdddr + 0.2 


V 


Data retention mode 


Input low voltage except CL1 


V,L1 







0.15 Vdd 


V 




Input low voltage CL1 


V,L2 







0.2 


V 




Input leakage current except CL1 


Ilm 


-3 




3 


mA 


OVrs V| ^ Vdd 


Input leakage current CL1 


IlI2 


-10 




10 


M 


OV^V, =sVdd 


Input leakage current ports 10, 11 (Note 1) 


Il13 






10 


M 


V| = 9 V 


Output voltage high POi, PO2, ports 8-11 


VOH 


Vdd -1-0 






V 


IOH=-7'0|aA 


Output voltage low PO1, PO2, ports 10, 11 


Vol 






0.5 


V 


PO1, P02:loL = 270 juA 
Ports 10, 11:loL = 300 juA 


Output voltage low port 8 


Vol 






0.5 


V 


Iql = 400 juA 


Output leakage current 


'loi 


-3 




3 


fxA 


OV^Vo^ Vdd 


Output leakage current ports 8-11 (Note 1) 


'l02 






10 


M 


Vo = 9V 


Supply voltage, data retention mode 


Vdddr 


2.0 




6.0 


V 




Supply current, normal operation; 


Iddi 




38 


130 


juA 


Vdd = 3.0 V ±10%; R = 240 kfl ±2% 


R oscillation (Note 2) 




20 


70 


M 


Vdd = 2.0 V; R = 240 kQ ±2% 


Supply current, HALT mode; 


IdD2 




17 


60 


HiA 


Vdd = 3 V ^^0%] R = 240 kO ±2% 


R oscillation (Note 2) 




8 


25 


IxA 


Vdd = 2V;R = 240 kQ ±2% 


Supply current, STOP mode (Note 2) 


IdD3 




0.1 


5 


M 




Supply current, data retention mode 


'dddr 




0.1 


5 


laA 


Vdddr = 2.0 V 


Pull-up/down resistance, port 0, RESET 


RP1 


23.5 


47 


70.5 


kfl 




Pull-up resistance, ports 8-11 


RP2 


7.5 


15 


22.5 


kQ 





Notes: 

(1) N-channel, open-drain I/O ports. 

(2) Current in built-in pull-up/down resistors excluded. 



3-115 



PPD7554/54A/64/64A 



HEC 



AC Characteristics 1; Vdd = 

Ta = -10 to +70°C; GND = V 


2.5 to 3.3 V; mPD7554/54A 








Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


System clock oscillation frequency 


^cc 


140 


180 


220 


kHz 


R = 150 kO ±2% 


System clock oscillation frequency, CL1, 


CL2 fee 


140 


175 


210 


kHz 


Vdd = 2.5 V; R = 150 kfl ±2% 


External clock frequency, CL1 


fc 


10 




250 


kHz 


50% duty 


System clock rise time, CL1 


tCR 






200 


ns 




System clock fall time, CL1 


tCF 






200 


ns 




System clock pulse width, high 


*CH 


2 




50 


jUS 




System clock pulse width, low 


teL 


2 




50 


jUS 




External clock frequency (POq) 


fpoo 







250 


kHz 


50% duty 


POo rise time 


tCRPOO 






200 


ns 




POo fall time 


^FPO 






200 


ns 




POo pulse width, high 


tpOOH 


2 






txs 




POo pulse width, low 


tpOOL 


2 






jUS 




INTO high time 


t|OH 


30 






jUS 




INTO low time 


t,0L 


30 






jUS 




RESET high time 


tRSH 


30 






MS 




RESET low time 


tRSL 


30 






/US 




RESET setup time 


tSRS 









jUS 




RESET hold time 


tHRS 









flS 




SCK cycle time 


tKCY 


8.0 






fXB 


Input 




10.0 






JUS 


Output 


SCK pulse width, high 


tKH 


4.0 






fXS 


Input 


SCK pulse width, low 


tKL 


5.0 






(XS 


Output 


SI setup time to SCK T 


*SIK 


0.3 






JUS 




SI hold time after SCK T 


^KSI 


0.3 






JUS 




SO output delay time after SCK t 


*KSO 






2.0 


JUS 


Cqut = 100 P'^ n^sx 
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AC Characteristics 2; Vdd 

Ta = -10 to +70°C; GND = V 


= 2.7 to 6.0 V; 


MPD7554/54A/64/64A 




Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


System clock oscillation 


fee 


400 


500 


600 


kHz 


Vdd = 4.5 to 6.0 V; R = 56 kO ±2% 


frequency (Note 1) 


200 


250 


300 


kHz 


Vdd = 3 V ±10%; R = 100 kfl ±2% 


External clock frequency, CL1 


fc 


10 




710 


kHz 


Vdd = 4.5 to 6.0 V; 50% duty 




10 




350 


kHz 


Vdd = 2.7 V; 50% duty 



System clock oscillation 
frequency (Note 2) 



SCK cycle time 



fee 



290 



700 



710 



kHz 



Vdd = 4.5 to 6.0V 



290 



500 



510 



kHz 



Vdd = 4.0 to 6.0 V 



290 



400 



410 



kHz 



Vdd = 3.5 to 6.0 V 







290 300 310 


kHz 


Vdd = 2.7 to 6.0 V 


Oscillation stabilization time 


tos 


20 




ms 


Vdd = 2.7 to 6.0 V 


System clock rise time, CL1 


teR 




200 


ns 




System clock fall time, CL1 


teF 




200 


ns 




System clock pulse width 


ten 


0.7 


50 


fXS 


Vdd 4.5 to 6.0 V 


System clock pulse width, CL1 


tet 


1.45 


50 


JUS 


Vdd = 2.7 V 


External clock frequency (POq) 


fpoo 





710 


kHz 


Vdd = 4.5 to 6.0 V; 50% duty 







350 


kHz 


Vdd = 2.7 V; 50% duty 


POq rise time 


*eRPoo 




200 


ns 




POo fall time 


teppo 




200 


ns 




POq pulse width, high 


fpooH 


0.7 




jUS 


Vdd = 4.5 to 6.0 V 


POo pulse width, low 


fpooL 


1.45 




JUS 


Vdd = 2.7 V 


INTO high time 


tlOH 


10 




jas 




INTO low time 


tlOL 


10 




JUS 




RESET high time 


tRSH 


10 




JUS 




RESET low time 


tRSL 


10 




JUS 




RESET setup time 


tSRS 







JUS 




RESET hold time 


tHRS 







JUS 





key 



2.0 



2.5 



5.0 



Notes: 

(1) JUPD7554/54A. 

(2) |uPD7564/64A. 



JUS 



Input; Vdd = 4.5 to 6.0 V 



JUS 



Output; ; Vdd = 4.5 to 6.0 V 



JUS 



Input; Vdd = 2.7 V 







5.7 




JUS 


Output; ; Vdd = 2.7 V 


SCK pulse width 


tKH 


1.0 




JUS 


Input; Vdd = 4.5 to 6.0 V 




1.25 




JUS 


Output; Vdd = 4.5 to 6.0 V 


SCK pulse width 


fKL 


2.5 




^s 


Input; Vdd = 2.7 V 




2.85 




JUS 


Output; Vdd = 2.7 V 


SI setup time to SCK T 


tSIK 


0.1 




JUS 




SI hold time after SCK T 


tKSI 


0.1 




JUS 




SO output delay time after SCK T 


tKSO 




0.85 


^s 


Vdd = 4.5 to 6.0 V; Cqut = 100 pF max 






1.2 


^s 


Vdd = 2.7 V; Cqut = 100 pF max 
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AC Characteristics 3; Vdd = 

Ta = -10to +70°C\ GND = OV 


2.0 to 3.3 V; ^PD7554A 










Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


System clock oscillation frequency 


fee 


65 


120 


145 


kHz 


R = 240 kQ ±2% 


System clock oscillation frequency, CL1, 


CL2 fee 


65 


100 


130 


kHz 


Vdd = 2.0 V; R = 240 kO ±2% 


External clock frequency, CL1 


fe 


10 




150 


kHz 




System clock rise time, CL1 


ten 






200 


ns 




System clock fall time, CL1 


tep 






200 


ns 




System clock pulse width, high 


teH 


3.3 




50 


jas 




System clock pulse width, low 


tei 


3.3 




50 


^s 




External clock frequency (POq) 


W 







150 


kHz 


50% duty 


POo rise time 


teRPoo 






200 


ns 




POo fall time 


teppo 






200 


ns 




POo pulse width, high 


tpooH 


3.3 






fXS 




POo pulse width, low 


tpooL 


3.3 






fXS 




INTO high time 


*IOH 


50 






jUS 




INTO low time 


t|OL 


50 






^s 




RESET high time 


*RSH 


50 






JUS 




RESET low time 


*RSL 


50 






JUS 




RESET setup time 


tSRS 









JUS 




RESET hold time 


*HRS 









JUS 




SCK cycle time 


Vev 


13.4 






^s 


Input 




16.6 






JUS 


Output 


SCK pulse width, high 


kH 


6.7 






JUS 


Input 


SCK pulse width, low 


tKL 


8.3 






JUS 


Output 


SI setup time to SCK t 


*SIK 


0.5 






JUS 




SI hold time after SUKT 


ksi 


0.5 






JUS 




SO output delay time after SCK T 


kso 






3.5 


fiS 


Cqut = lOO Pf^ "T^ax 
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TIMING WAVEFORMS 
Clocks 



-tCL- 



^. / \ 



-tcH- 



- ViH 

- V,L 



POo- 



-1/POo- 



^. -f \ 



- V|H 

- V,L 



External Interrupt 



\ / ^^ 



Reset 



-ViH 
- ViL 





-> tRSL ► 

- 


tRSH i- 


^ 


- ViH 
-V,L 


^ 


? 






83-002611 A 



Data Retention Mode, ftPD75S4/S4A 



j^PD7554 



Vdd- 



(1) 




(4) 



-Data Retention Mode- 



tSRS 



(3) 



♦— tOFF— toN- 



i/^- 



_ Operating 
Mode 



(1) V,Hi 

(2) Vdddr 

(3) ViHDR 

(4) ViLi 



Data Retention lUMe, /iPD7S64/64A 



fiPD7564 



HALT Mode Operating 

'" " " Mode 



N-Data Retention Moden 



toFF — A h — — *i r — 



/^^^ 



Serial Interface 



\ / 



-tKCY- 



"^tsiK- 



input Data 



% 



tKSO 



y\ 



Output Data 



yz 
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NEC Electronics Inc. 



PPD75P54/P64 

4-Bit, Single-Chip, 

One-Time Programmable (OTP) 

CI\/IOS Microcomputers With Serial I/O 



Description 

The /iPD75P54 and /iPD75P64 are 1024 x 8-bit on-chip, 
one-time programmable (OT?) ROM versions of the 
mask ROMs, /iPD7554 and /iPD7564. They have the 
same functions as, and are pin-compatible with, their 
mask ROMs. Because of their programming capabili- 
ties, the /iPD75P54/P64 are suitable for evaluation and 
small lot production for system development. Their 
unique features will be described in this data sheet. For 
information about the base part /iPD7554/64, please 
refer to its data sheet. 

Features 



a 47 instructions (subset of /iPD7500 set B) 

° Instruction cycle: 

— External clock Ol/PD75P54): 2.86/is/700 kHz, 5 V 

— RC oscillator (iiiPD75P54): 4/is/500 kHz, 5 V 

— Ceramic oscillator (|l/PD75P64): 
2.86/iS/700kHz, 5V 

Program memory (ROM) of 1024 x 8 bits 

Data memory (RAM) of 64 x 4 bits 

8-bit timer/event counter 

8-bit serial interface 

I/O lines: 16-/iPD75P54; 15-/iPD75P64 

Data memory retention at low supply voltage 

CMOS technology 

Low-power consumption 

D Single power supply: 

— 4.5 to 6.0 V normal operation 

— 6.0 V OTP 

n STOP, HALT standby functions 

D 20-pin plastic shrink DIP or SOP (OTP) 



Ordering Information 



Part Number 


Package Type 


/iPD75P54CS 


20-pln plastic shrink DIP (OTP) 


/iPD75P64CS 




/iPD75P54G 


20-pln plastic SOP (OTP) 


/iPD75P64G 





Pin Configuration 

20'Pin Plastic Shrink DIP or SOP (OTP) 



POo/INTO/VppC 
PO1/SCKC 2 
P02/SOq3 
PO3/SI 
P80/MDO 
P81/MDI 
P82/MD2 C 
•CL2/MD3(P83/MD3)C 
CL1 

vddC 




VSS 

:DP113/D7 

IIP112/D6 
P111/D5 
P110/D4 
P103/D3 
P102/D2 
P101/D1 
P100/D0 

D RESET 



* P83 can be selected when using external clock on }iPD75P54 only. 
CL2 can be selected when using RC oscillator. 

49NR-6S0A 
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Pin Identification 



Symbol 



Function 



POo/INTO/Vpp 



POi/roK 



PO2/SO 



4-bit input port 0/count clock input/seriai 
interface. Programming voltage supply 
pin for program memory write/verity. 



P03/SI 




P80-P82/MDO-MD2 

CL2/MD3 (P83/MD3) 


4-bit output port 8/OTP operation mode. 
Connection for ceramic resonator or RC 
(No P83 on ittPD75P64) (Note 1) 


CL1 


Connection for ceramic resonator or RC 


Vdd 


4.5 to 6.0 V power supply, normal 
operation. 6.0 V for OTR 


RESET 


Reset input pin 


PIOi-PIOa/Do-Ds 


4-bit I/O port 10 and D0-D3 during 
programming write/verify. 


PII0-PII3/D4-D7 


4-blt I/O port 11 and D4-D7 during 
programming write/verify. 


Vss 


Ground 



Note: 

(1) MD0-MD3 are used as mode select pins during programming. 

PIN FUNCTIONS 

POo/INTO/Vpp, PO1/SUK 

PO2/SO, PO3/SI 

(Port 0/Count Cloclc Input/Programming/ 

Serial Interface) 

4-bit input port 0/count clocl< input/serial I/O interface. 
Tliis port can be configured as a 4-bit parallel input port 
or as the 8-bit serial I/O interface, under control of the 
seria l mode select regis ter. The se rial input SI (active 
high) , serial output SO (active low), as the serial clock 
SCK (active low— synchronizes data transfer) comprise 
the 8-blt serial I/O interface. If POo/INTO is unused, 
connect it to ground. If any of PO1-PO3 are unused, 
connect them to ground. The port is in the input state at 
reset. 

P80-P82/MDO-MD2, P83/MD3 {CL2/MD3) 
(Port 8/Ciocl( Input/Mode Selection for DTP) 

4-bit output port 8. This port can sink 15 mA and 
interface 12 V. P83 is a output port on the ^PD75P64. On 
the i[APD76P54, CL2 is one of the pins to which a resistor 
for RC oscillation is connected. On the iDtPD75P64, GL2 
is one of the pins to which a ceramic resonator is 
connected. If any of P80-P82 pins are unused, leave them 
open. The port is in the high impedance state at reset. 
MD0-MD3 are used for OTP program memory write and 
read mode selection. There is no P83 on the jliPD75P64. 



CL1 (Cloclc Input 1) 

On the ^PD75P54, CL1 is one of the two pins to which a 
resistor for RC oscillation is connected. On the 
iaPD75P64, CL 1 is one of the two pins to which a ceramic 
resonator is connected. 

Vdd (Power Supply) 

Positive power supply. 4.6 to 6.0 V for normal operation. 
6.0 V for program memory write/verify. 

RESET (Reset) 

System reset Input pin (active high). This pin is not 
internally connected to a pull-down resistor. 

PIO0-PIO3/D0-D3 (Port 10/Data I/O) 

4-bit I/O port. This port can sink 10 mA and interface 
12 V. If any of these pins are unused, connect them to 
ground or Vdd •" the input state, or leave open in the 
output state. The port is in the high impedance or 
high-level output state at reset. D0-D3 are 4-bit I/O pins 
for program memory write/verify. 

PII0-PII3/D4-D7 (Port 11/Data I/O) 

4-bit I/O port. This port can sink 10 mA and interface 
12 V. If any of these pins are unused, connect them to 
ground or Vdd in the Input state, or leave open In the 
output state. The port is in the high Impedance or 
high-level output state at reset. D4-D7 are 4-bit I/O pins 
for program memory write/verify. 

Vss (Ground) 

Ground. 
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Block Diagram 



POi/SCK PO3/SI 



POo/SO 



POq /INTOA/ pp 



n 



Test Control 



2 



Program 
Counter (10) 




lA 



Serial Interface 



H 



2 



A (4) 



General Registers 



iz 



Program 
Memory 



Instruction 
Decoder 



H(2) 



L(4) 



Stack Pointer (6) 



CL 

LA 



H 



o 



Data Memory 
64 X 4 Bits 



System Clock 
Generator 






Stand By 
Control 



CL1 PiiSi CL2(P8«)^Vffi^§ 



1 1 !1 

Vpp Vdd Vss Reset 



For 75P54 and 75P64 (OTP) 
p For 7564 
* For 7754/P54/P64 



O 



C^ Ke°r ICI3P00-P0 3 



/^ P°"10 LA^ 



Ports 

Latch 
Buffer 



~3^P8n-P8p/MD0»M0a 
-0^0- P83 (CL2)/MD3 * 



O i?k 0> P^^0-P1l3/D4-O7 



FUNCTIONAL DESCRIPTION 

I/O Ports 

Figure 1 shows the internal circuits at I/O ports 0, 8, 10, 
and 11. 
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Figure I. interface at i/O Ports 



Type A 

(for Type W) 




Input c 



CMOS standard input buffer 
Type B-B 



Input o- 



High 
Voltage 
Detector 



VppA/DD 
'— *j Switching 
Circuit 



" To PROM unit 



When a voltage of 21 V is applied to this pin, Vpp is supplied to the PROM 
unit. When input of Vss to Vdd is applied, Vdd is supplied to this pin. 

Type D 

(for Types W and X) 



Output Disable ■ 



i5 



DHI 



-o Output 



Push-pull output where output can be placed in high impedance 
when a RESET input is applied. P and N channels are turned off. 



TypeP 



Vdd 



A 



Output Disable - 



D^\ 






Ij Mask option for 
mask devices 



-o In/Out 



'^' 



Type P-A 



A 



Output Disable - 



o 




Mask option for 
mask devices 



MD0-MD2 -*- 



3> 



'^' 



Type Q-A 



RC 

Oscillator 



^P®0 T?o?mask 
^ 1 Hevlres 



MD3 O^ ■ 



-oP83/MD3(CL2/MD3) 



TypeR 

Input o 1 ^£J 



Mask option for 
^ mask devices 



Types 

Vdd 

• Mask option for mask devices 
Input o 1 1 \[] 
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Figure I. interface at i/O Ports (cont) 



TypeW 



TypeX 



TypeY 



Data- 

Output _ 
Disable 



TypeD 



Type A 






vdd 



Output 

Disable 



Mask option 
> for mask 
devices 



TypeD 



^ 



-o In/Out 



VDD 



Ceramic 
Oscillator 



-OCL1 



MD3-<- 



<^ 



-OCL2/MD3 



Mask option 
> for mask 
devices 
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Table 1 compares the features of the jaPD7554/64 and 
their OTP versions, /aPD75P54/P64. 

Tabie 1. Product Differences and Comparisons, fiPD75S4/64 and /iPD75PS4/P64 

Item jttPD7554 ittPD7564 



fiPD75P54 (OTP) 



jttPD75P64 (OTP) 



Instruction 
cycle/system 
clock (5 V) 



RC 



4 JUS/ 
500 kHz 



4j»s/ 
500 kHz 



4|iis/ 
500 kHz 



External 2.86 jus/ 
700 kHz 



2.86 fis/ 
700 kHz 



Ceramic 


3 JUS/ 
660 kHz 




2.86 fxs/ 
700 kHz 


Instruction set 


47 (set B) 


47 (set B) 


47 (set B) 


47 (set B) 


ROM or PROM 


1024 X 8 mask ROM 


1024 X 8 mask ROM 


1024 X 8 one-time 
PROM 


1024 X 8 one-time 
PROM 


RAM 


64x4 


64x4 


64x4 


64x4 


I/O port total 


16 (max) 


15 


16 (max) 


15 


Porto 


PO0-PO3 


PO0-PO3 


PO0-PO3/MDO-MD3 


PO0-PO3/MDO-MD3 


POo pin mask option 


Available 


Available 


None 


None 


Ports 


P80-P82 
P83/CL2 


P80-P82 


P80-P82/MDO-MD2 
P83/MD3 


P80-P82/MDO-MD2 
CL2/MD3 


Port 10 


PIO0-PIO3 


PIO0-PIO3 


PIO0-PIO3/D0-D3 


PIO0-PIO3/D0-D3 


Port 11 


P11o-P1l3 


PII0-PII3 


PII0-PII3/D4-D7 


PII0-PII3/D4-D7 


Timer/event 
counter 


8-blt 


8-blt 


8-blt 


8-bit 


Serial Interface 


8-blt 


8-blt 


8-blt 


8-blt 


Sense Input 


INTO, INTS, INTT 


INTO, INTS, INTT 


INTO, INTS, INTT 


INTO, INTS, INTT 


Supply voltage 


2.5 to 6.0 V 


2.7 to 6.0 V 


4.5 to 6.0 V 


4.5 to 6.0 V 


Process 


CMOS 


CMOS 


CMOS 


CMOS 


Package 


20-pln plastic SOP 


20-pln plastic SOP 


20-pin plastic SOP 


20-pln plastic SOP 




20-pln shrink DIP 


20-pin shrink DIP 


20-pln shrink DIP 


20-pin shrink DIP 


Output and I/O pins 


N-channel open drain 


N-channel open drain 


N-channel open drain 


N-channel open drain 


input pins 


Mask options 
available 


Mask options 
available 


No on-chip resistor 


No on-chip resistor 


RESET 


Mask options 
available 


Mask options 
available 


No pull-down resistor 


No pull-down resistor 



3-126 



NEC 



PPD75P54/P64 



i[iPD75P64 Application 

Figure 2 shows an example of an application circuit for 
remote-controlled data reception, key input, and LED 
display for the /aPD75P64. 



Figure 2. Remote-ControNed Data Reception, Key input, and UED Dispiay (fiPD75P64) 



SCK 
SO 
SI 



Master 
Microcomputer 

HPD7508H/ 
H.PD7519H 



Remote 

Control 7 

Signals [_ ^ 



Amplifier 
Circuit 

HPC1473 



Output 
CMOS" 



Tpho 



SCK 

SI 

SO 

PII3 1 Chip Select 



HPD75P64 



Output^ 
Open Drain' 



.K.-r« On-Chip 
INTO Input, 

Pull-Up^ 
Resistor 



CL1 



P80 
P81 
P82 

PII2 



PIO0 
PIO1 
PIO2 
PIO3 



Driver 

^tPASOC 



8 LEDS ( 






-<>■ 



<>- 



<>- 



■iy- 






-<>- 



-<)- 



-iy- 



-iy- 



Key Input 4x4 



— iDl- 
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OTP PROM (Program Memory Write and Verify) 

The iDtPD75P54/P64 is a, one-time programmable (OTP) 
PROIVI version of the juPD7554/64. The OTP is pro- 
grammed by the pins and their functions listed in table 2. 
During OTP programming, addresses are updated by 
Inputting clocks, instead of addresses, from the CL1 pin. 



Table 2. 


OTP Access 


Pin 


Function 


Vpp 


OTP programming voltage pin (normally Vdd) 


CL1 


Address update clock Input during programming 


MD0-MD3 


Mode selection during OTP programming 


D0-D7 


8-bit data I/O pins during OTP programming 


Vdd . 


Supply voltage pin: 4.5 to 6.0 V during normal 
operation; 6 V during OTP programming 



Notes: 

The |aPD75P54/P64 has no erasure window. The program memory 
data cannot be erased with ultraviolet light. 

OTP Operation Mode 

The /[4PD75P54/P64 operates in the program memory 
write/verify mode when -f6 V is applied to Vpo and 21 V 
to Vpp. Mode pins MD0-MD3 select the operation modes 
shown In Table 3. 

Tables, OTP Operation Mode Selection 

Vpp = +21 V; Vdd = +6 V 



IVIDO 


IViDI 


IViD2 


IVIDS 


Operating fAo6e 


H 


L 


H 


L 


Program memory address clear (Note 2) 


L 


H 


H 


H 


Program memory write (Note 3) 


L 


L 


H 


H 


Program memory verify (Note 4) 


H 


X 


H 


H 


Program Inhibit (Note 5) 



Notes: 

(1) X = L or H. 

(2) While HLHL Is being applied, the program counter continues to 
be cleared. 

(3) While LHHH Is being applied, data applied to D0-D7 continue to 
be written to the OTP 

(4) While LLHH Is being applied, the OTP contents at the address 
that the program counter indicates continue to be output to 
P0-D7. 

(5) While HXHH Is being applied, the OTP continues to be nonac- 
cesslble, and D0-D7 remain at a high impedance level. 



Program Memory Write Procedure. The program mem- 
ory write procedure follows (high speed write is en- 
abled): 

(1) Connect unused pins to Vss through a pull-down 
resistor. RESET is pulled up to Vdd through a resis- 
tor. Hold CL1 low. 

(2) Supply 5 V to Vdd and Vpp. 

(3) Select the program memory address clear mode. 

(4) Change the voltage on Vdd to 6V, and on Vpp to 
21 V. 

(5) Select the program inhibit mode. 

(6) Write data in the 1 ms write mode. 

(7) Select the program Inhibit mode. 

(8) Select the verify mode. If data is written correctly, 
proceed to step 9; if data Is not written correctly, 
repeat steps 6-8. 

(9) Perform an additional write of X (number of times a 
write was performed in steps 6-8) x 1 ms. 

(10) Select the program inhibit mode. 

(11) Increment the program memory address by one, by 
inputting four pulses to CL 1 . 

(12) Repeat steps 6-11 until the end address occurs. 

(13) Select the program memory address clear mode. 

(14) Change the voltage on Vdd and Vpp to 5 V. 

(15) Turn off power. 

The timing for steps 2-1 1 is shown in figure 3. 
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Figure 3. Timing Diagram for OTP Program Memory Write 



^X Repetitions- 



Vpp 



Vpp 



IT 
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vdd 



vdd- 

Vdd-1 . 



vdd 
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■VA- 



CL1 



-/A- 



D0-D7 
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/WW 
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-t^jP- 



VT 
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MD2 
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Program Memory Read Procedure. The program mem- 
ory read procedure follows: 

(1) Connect unused pins to Vss through a pull-down 
resistor RESET Is pulled up to Vdd through a resis- 
tor. Hold CL1 low. 

(2) Supply 6 V to Vdd and Vpp. 

(3) Select the program memory address clear mode. 

(4) Change the voltage on Vdd to 6V, and on Vpp to 
21V. 

(5) Select the program inhibit mode. 



(6) Select the verify mode. Data is read from "OOOH." 
Upon entry of a clock pulse to CL1, data is sequen- 
tially output by one address in a cycle of four pulses. 

(7) Pulse input to the CL1. Program memory address is 
updated at the rising edge of the third pulse. Ad- 
dress after updated one (+ 1) is updated every four 
pulses. Repeat update to last address. 

(8) Select the program memory address clear mode. 

(9) Change the voltage on Vdd and Vpp to 5 V. 

(10) Turn off power 

The timing for steps 2-9 is shown in figure 4. 
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FIgute 4. Timing Diagram lor Program Memory Head 
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ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings 




operating temperature, Tqpt 


-10 to +70°C 


Storage temperature, Tstg 


-65 to +150°C 


Power supply voltage, Vpo 


-0.3 to +7.0 V 


Input voltage, V| 
Except ports 10, 11 
Ports 10, 11 (Note 1) 
Ports 10, 11 (Note 2) 


-O.atoVoD +0.3 V 

-O.StoVpD +0.3 V 

-0.3 to +13 V 


Output voltage, Vq 
Except ports 10, 11 
Ports 10, 11 (Note 1) 
Ports 10, 11 (Note 2) 


-0.3toVDD +0.3 V 

-0.3toVDD +0.3 V 

-0.3 to +13 V 


Output current, high Iqh 
One pin 
All output pins, total 


-5 mA 
-15 mA 



Output current, low Iql 
POi, PO2 
Ports 10, 11 
Ports 
All ports, total 



5 mA 

15 mA 

30 mA 

100 mA 



Power dissipation, Pq (Ta = 
Shrink DIP 
SOP 



+70°C) 



480 mW 
250 mW 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 

Notes: 

(1) CMOS I/O or N-channel open drain + internal pull up resistor. 

(2) N-channel open drain I/O. 



Capacitance 

Ta = 25°C. Vdd = Vss 
returned to Vss- 



V; f = 1 MHz. Unmeasured pins 



Parameter Symbol 


MIn 


Typ 


Max Unit Conditions 


Input capacitance C| 






50 


pF POo 








15 


PF PO3 


Output capacitance Cq 






35 


pF Ports 


I/O capacitance C|/o 






35 


pF Ports 10, 11 and 
PO1, PO2 
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DC Characteristics, Normal Operation; 

Ta = -10 to +70"C 


Vdd = 4.5 to 6.0 V; Vss = V 






Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input high voltage except CL1 


V|H1 


0.7 Vdd 




Vdd 


V 




Input high voltage CL1 


VlH2 


Vdd - 0.5 




Vdd 


V 




Input high voltage ports 10, 11 (Note 1) 


V|H3 


0.7 Vdd 




12 


V 




Input high voltage RESET 


VlHDR 


0.9 Vdddr 




Vdddr + 0.2 


V 


Data retention mode 


Input low voltage except CL1 


V|L1 







0.3 Vdd 


V 




Input low voltage CL1 


V|L2 







0.5 


V 




Input leakage current except CL1 


Ilm 


-3 




3 


^A 


OV^ V, ^ Vdd 


Input leakage current CL1 


IlI2 


-10 




10 


^A 


OV:SV, ^Vdd 


Input leakage current ports 10, 11 


IlI3 






10 (Note 1) 


^A 


V| = 12 V 


Output voltage high POi, PO2, ports 8-11 


VOH 


Vdd -2.0 






V 


Iqh = -1 mA 


Output voltage low PO1, PO2, ports 10, 11 


Vol 






0.4 


V 


PO1, P02:loL= 1.6 mA; 
Ports 10, 11: Iql = 1.6 mA 


Output voltage low ports 8, 10, 11 


Vol 






2.0 


V 


Port8:loL= 15 mA 
Ports 10, 11: Iql = 10 mA 


Output leakage current 


'loi 


-3 




3 


HA 


OV^ Vo^ Vdd 


Output leakage current ports 8-11 


•l02 






10 (Note 1) 


mA 


Vo = 12V 


Supply voltage, data retention mode 


Vdddr 


2.0 




6.0 


V 




Supply current, normal operation 


boi 




400 


1400 


mA 


JIIPD75P54: Vdd = 5V±10%; 
R = 56 kO ±2% 






700 


2300 


f^^ 


j[iPD75P64: Vdd = 5V±10%; 
foe = 700 kHz 


Supply current, HALT mode 


bD2 




120 


400 


HA 


jttPD75P54: Vdd = 5 V *10%; 
R = 56 kQ ±2% 






450 


1500 


mA 


IttPD 75P64: Vdd = 5 V ±10%; 
fee = 700 kHz 


Supply current, STOP mode 


boa 




0.1 


10 


HA 


Vdd = 5.0 V ±10% 


Supply current, data retention mode 


boDR 




0.1 


5 


mA 


Vdddr = 2.0 V 



Notes: 

(1) N-channel, open drain I/O ports. 



3-132 



MEC 



ijPD75P54/P64 



DC Characteristics, Programming Mode; Vdd = 
(Notes 1 and 2) 

Ta = 25°C 


6.0 ± 0.25 V; Vpp = 


21 ± 0.5 V 


,Vss = OV 


Parameter 


Symbol 


Min 


Typ Max 


Unit 


Conditions 


Input high voltage except CL1 


V|H1 


0.7 Vdd 


Vdd 


V 




Input high voltage CL1 


V|H2 


Vdd -0.5 


Vdd 


V 




Input low voltage except CL1 


V|L1 





0.3 Vdd 


V 




Input low voltage CL1 


V|L2 





0.5 


V 




Input leakage current 


Ili 




10 


fxA 


V, = V,LorV,H 


Output voltage high 


lOH 


Vdd -2.0 




V 


lOH = -1 mA 


Output voltage low 


Vol 




0.4 


V 


Iql = 1.6 mA 


Vdd supply voltage 


Idd 




30 


mA 




Vpp supply current 


Ipp 




30 


mA 


MDO = V,L. MD1 = V,H 



Notes: 

(1) Vpp, Including an overshoot, should not exceed +22 V. 

(2) Apply VpD before Vpp, and cut off after Vpp. 

Figure 5. Recommended Circuits 



RC Oscillation 



CL1 

J1PD75P54 
CL2 



External Clock 
CMOS 

->- 



Open- 



CL1 

HPD75P54 

CL2 



Ceramic Resonator 



C2 



T 
X 



R2 



CL1 

|iPD75P64 
CL2 
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AC Characteristics, Normal Operation; Vdd = 

Ta = -10 to +70*0 


4.5 to 6.0 V; 


Vss = 


V 




Parameter 


Symbol 


Mjn 


Typ 


Max 


Unit 


Conditions 


System clock oscillation frequency 


*cc 


400 


500 


600 


kHz 


jttPD75P54: R = 56 kO ±2% 




290 




710 


kHz 


jttPD75P64: R = 100 kfl ±2% 


External clock frequency, CL1 


fc 


10 




710 


kHz 


jttPD75P54: 50% duty 


Oscillation stabilization time 


tos 


20 






ms 


fxPD75Pe4 (Note 1) 


System clock rise time, CL1 


tCR 






0.2 


PLS 




System clock fall time, CL1 


tCF 






0.2 


fXS 




System clock pulse width 


tCH 


0.7 




50 


fXS 




System clock pulse width, CL1 


tCL 


0.7 




50 


fXS 




Event input frequency (POq) 


tpo 







710 


kHz 


50% duty 


POo rise time 


tpOR 






200 


ns 




POo fall time 


tpOF 






200 


ns 




POo pulse width, high 


tpOH 


0.7 






jas 


Vdd = 4.5 to 6.0 V 


POo pulse width, low 


tpOL 


0.7 






JUS 


Vdd = 2.7 V 


INTO high time 


t|OH 


10 






|CIS 




INTO low time 


t|OL 


10 






jttS 




RESET high time 


tRSH 


10 






JUS 




RESET low time 


tRSL 


10 






ius 




RESET setup time 


^SRS 









IttS 




RESET hold time 


tHRS 









jUS 




SUK cycle time 


^KCY 


2.0 






IttS 


Input 




2.5 






JUS 


Output 


SCK pulse width, high 


*KH 


1.0 






^S 


Input 


SCK pulse width, low 


tKL 


1.25 






jas 


Output 


SI setup time to SCK T 


*SIK 


0.1 






jttS 




SI hold time after SCK T 


ksi 


0.1 






JttS 




SO output delay time after SCK T 


*KSO 






0.85 


JtlS 


CL = 100 pF 



Notes: 

(1) Hold the RESET signal at a high level until oscillation becomes 
stable. 
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AC Characteristics, Programming Mode; Vdd = 

Ta = 25°C 


6.0 ± 


0.25 V; 


Vpp = 21 


±0.5V,Vss = OV 


Parameter 


Symbol 


Notel 


Min 


Typ 


Max 


Unit 


Conditions 


Address setup time for MDO i (Note 2) 


tAS 


tAS 


2 






JUS 




MD1 setup time for MDO i 


tMIS 


tOES 


2 






jas 




Data setup for MDO i 


tDS 


tDS 


2 






jttS 




Address hold time for MDO T (Note 2) 


tAH 


tAH 


2 






las 




Data liold time for MDOT 


tDH 


tDH 


2 






las 




MDO T to data output float delay time 


tDF 


tDF 







200 


ns 




Vpp setup time for MD3 1 


Vps 


tvps 


2 






itis 




Vdd setup time for MD3 T 


Vds 


tvcs 


2 






jttS 




Initial program pulse width 


tpw 


tpw 


0.95 


1.0 


1.05 


ms 




Additional program pulse width 


bpw 


topw 


0.95 




21.0 


ms 




MDO setup time for MD1 T 


^MOS 


tCES 


2 






JttS 




MDO ito data output delay time 


tDV 


tDV 






1 (Note 3) 


JttS 


MDO = MDI =V|L 


MD1 hold time for MDO t 


^MIH 


tOEH 


2 






fXB 


tM1H + tMIR ^ 50 ^s 


MD1 recovery time for MDO I 


^MIR 


tOR 


2 






jttS 




Program counter reset time 


*PCR 




10 






ittS 




CL1 input high- and low-level widths 


txH. tXL 




0.7 






JttS 




CL1 input frequency 


fx 








710 


kHz 




Initial mode set time 


t| 




2 






JttS 




MD3 setup time for MD1 t 


tM3S 




2 






JttS 




MD3 hold time for MDI i 


^MSH 




2 






JttS 





MD3 setup time for MDO i 


tM3SR 




2 




JttS 


Address to data output delay time (Note 2) 


to AD 


tACC 


2 




JttS 


Address to data output hold time (Note 2) 


tHAD 


tOH 





300 


ns 


MD3 hold time for MDO T 


tM3HR 




2 




JttS 



MD3 i to data output float delay time 



tOFR 



JttS During program memory read 



IttS 



Notes: 

(1) Symbol of the corresponding jttPD27C256. 

(2) "1" is added to the internal address signal at the rising edge of 
the third CL1 input. The signal is not input to the pin. 

(3) During CMOS output. 
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Timing Waveforms 
AC Test Points 



Test 




Clock 



CL1 Input 



-1/fC- 



-tCL- 



""i / 



-tCH- 



h— tCR — H 



h—tcF 



POo Input 



- 1/fpo- 



-tpoL- 



^i / '^^ 



-tpoH- 



-tPOR 



h— tpoF 

49NR-682A 



RESET 




Serial Transfer 



HighZ 



-tKCY- 



-tKL- 



-tSIK-> 



-tKH- 



^'""^ 



tKSI 



High Z 



•^ Input Data V- ■ 
KSO 
V Output Data Y 
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Program Memory Write 




D0-D7 " 



"/ 



tPCR 



'/ 



"w^^Lv' 



^f 



tpw 

"« »" 



-tM1S 



-tM1R 



tDS- 
-tDF 






-tDH 



-tAH- 



tOPW 



t K 



-tMOS 
^/ 



-tM1H 



-#- 



H-tM3S 



■^J^ 



-/ Input Data \/f- 



tAS 



vy 



■z;^ 



V 



-^p- 



tM3H— ^ 
/J^ 



\ 
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Program Memory Read 



Vpp 



Vpp 

vdd 

Vdd+1 

Vdd 
Vdd 



*-tvps 



J 



D0-D7 • 



-rff- 



-tVDS 



-/P- 



-tXH 



h— tXL tHAD 



C 



K-ti 



MDO J' 



MD1 



■/ 



\ 



tPCR 



/ 



Output Data 



K 



tDAD 



AAAAAAAAAAA^ 

DC 



Output Data 



Output Data 
:f/^ 



> 



tDV 



tDFR 



tM3HR- 



-1 



-rff- 



J 



-/P- 



-r/P. 



HtMSSR 



-4^ 



1 
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Data Retention Timing, mPD75P54 


STOP Instruction 
Execution 




1^ 


Operation Mode *► 


49NR-689B 
















\V vdddr 

VIHDR 
ue smaller than Vdddr • 


J 

tHRS 






RESET / 
VIL1-/ 

tSRS 
• In the data retention mode, set all inputs to 


aval 




1 

rV|H1 






Data Retention Timing, /iPD75P64 


STOP Ir 
Exec 


struction 
ution 


HALT 
Mode 




49NR-688B 




(Jivyi iviuuc 












/ 

tSRS 




vdd 


\ Vdddr 




" 


s 




RESET 




/ 

)S 


* In the data retention mode, set all inputs to a value smaller than VddDR • 


tc 
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PPD7556/56A/66/66A 

4-Bit, Single-Chip 

CI\/IOS Microcomputers 

With Comparator 



Description 

The /iPD7556/66A and /iPD7566/66A are low-end ver- 
sions of /iPD7500 series products. Tliese microcomput- 
ers incorporate a 4-bit comparator input and are useful 
as slave CPUs to high-end /^PD7500 series or 8-bit 
jL/COM-87 series products. 

The /iPD7556/56A/66/66A has output ports that can 
directly drive triacs and LEDs. Also, various mask- 
optional I/O circuits can be configured for a wide 
selection of outputs allowing a reduction of external 
circuitry in your design. There are two testable inter- 
rupts. 

The /iPD7556/56A and /iPD7566/66A differ only in their 
clock circuitry The/iPD7556/56A uses an external resis- 
tor with an internal capacitor for an RC oscillator clock, 
where the /iPD7566/66A uses a ceramic oscillator as a 
clock. These microcomputers are ideally suited to con- 
trol devices such as air conditioners, microwave ovens, 
refrigerators, rice cookers, and audio equipment. 

Features 



D 45 Instructions (subset of /iPD7500 set B) 

n Instruction cycle: 

— External clock: 2.86 /is/700 kHz, 5 V 

— RC oscillator Ol/PD7556/56A); 4a/s/500 kHz, 5 V 

— Ceramic resonator Ol/PD7566/66A): 
2.86/iS/700kHz, 5V 

n Program memory (ROM) of 1024 x 8-blts 

n Data memory (RAM) of 64 x 4-bits 

a 8-blt timer/event counter 

n 4-bit comparator 

n I/O lines: 20-JL/PD7556/56A; 19-/iPD7566/66A 

Data memory retention at low supply voltage 

Standby (STOP/HALT) functions 

CMOS technology 

Low-power consumption 

Single power supply 

— 2.5 to 6.0 V (/iPD7556/56A) 

— 2.7 to 6.0 V (iuPD7566/66A) 

— 2.0to6.0V(iuPD7556A) 



Ordering Information 



Part Number 



Package Type 



/iPD7556CS 



24-pin plastic shrinl< DIP 



/iPD7556ACS 



//PD7566CS 



/iPD7566ACS 



/iPD7556G 



24-pin plastic SOP 



//PD7556AG 



/iPD7566G 



/iPD7566AG 



Pin Configurations 
20'Pin Plastic Shrink DIP 



20-Pin Plastic SOP 



POo/INTODO: 1 • 
POi/VrefOI 2 



Plo/CINoCEI 
PIl/CINim 
P12/C[N2[II 

Pl3/CIN3[II 

psocn: 

PSilU 

P82[II 
P83/CL2[ir 

CL1[Er 

vddch 



rDGND 

II]P9i 

m P9o 

Th Ptls 

in pii2 

Tnpiii 

tn piio 

TTI PIO3 
TTIPIO? 

TTIPIOi 

m P100 

m RESET 



Ppo'^f.tNTO C 


1 


\J- 


24 


3 GND 




POi/Vref C 


2 




23 


3P9i 




PI0/CIN0 C 


3 




22 


DP9o 




PI1/CIN1 c 


4 




21 


3 PII3 




PI2/CIN2 c 


5 


s 


20 


3 PII2 




PI3/CIN3 c 


6 




19 


1 Pill 




P80I: 


7 


18 


DPII0 




P81C 


8 


Q. 
3. 


17 


DPIO3 




P82 c 


9 




16 


D PIO2 




P83/CL2 c 


10 




15 


3 PlOt 




CL1C 


11 




14 


1 PIO0 




VddC 


12 




13 


D RESET 


83-001994A 
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Pin Identification 



Symbol 


Function 


POo/INTO 
POi/Vref 


2-bit input port 0/testable input pin/ 
comparator reference voitage Input pin 


PI0/CIN0 
PI1/CIN1 
PI2/CIN2 
PI3/CIN3 


4-bit Input port 1/4-bit comparator Inputs 


P80-P82 
P83/CL2 


3-bit output port 8 (^PD7566/66A) 
3- (4-) bit output port 8/connection for RC 
oscillator (^PD7556/56A)/ceramic 
resonator (^PD7566/66A) 


CL1 


Connection for ceramic resonator or RC 
oscillator 


Vdd 


+5 V power supply 


RESET 


Reset Input pin 


P10rP103 


4-bit I/O port 10 


PII0-PII3 


4-bit I/O port 11 


P9o-P9i 


2-bit output port 9 


Vss 


Ground 



PIN FUNCTIONS 

POo/INTO, POi/Vref 

(Port 0/Count Clock Input/Comparator reference 

voltage input) 

Two-bit Input port 0/count clock Input/comparator refer- 
ence voltage input. INTO Is an edge-sensitive testable 
input pin that detects a signal at the rising edge. Vref is 
the comparator reference voltage Input pin. A mask 
option specifies whether this pin is used as PO1 or Vref- 
If POq/INTO is unused; connect it to ground. If POi/Vref Is 
unused, connect it to ground or Vdd- The port Is In the 
input state at reset. 

PI0/CIN0-PI3/CIN3 (Port 1/Comparator Inputs) 

Four-bit input port 1 /comparator inputs. A mask option 
specifies whether these pins are used as digital input 
(Port 1) or as comparator inputs (CIN0-CIN3). If any of 
PI0-PI3 pins are unused, connect them to ground or 
Vdd- The port is the input state at reset. 

P80-P82, P83-CL2 
(Port 8/Clock input 2) 

Four-bit output port 8. This port can sink 15 mA and 
interface 12 VO). On the ^PD7556/56A, the port function 
of P83/CL2 is specified by mask option. P83 is a normal 
output port on the /iPD7566/66A. On the )aPD7556/56A, 



CL2 is one of the pins to which a resistor for RC 
oscillation Is connected. On the /:iPD7566/66A, CL2 is 
one of the pins to which a ceramic resonator Is con- 
nected. If any of P80-P82 pins are unused, leave them 
open. The port Is In the high impedance state at reset. 

CL1 (Clock input 1) 

On the /iPD7566/66A, CL1 Is one of the two pins to which 
a resistor for RC oscillation is connected. On the 
iaPD7566/66A, CL1 is one of the two pins to which a 
ceramic resonator is connected. 

Vdd (Power supply) 

Positive power supply 

RESET (Reset) 

System reset Input pin (active high). This pin can be 
internally connected to a pull-down resistor if specified 
by mask option. 

PIO0-PIO3 (Port 10) 

Four-bit I/O port. This port can sink 10 mA and interface 
12 VO). If any of these pins are unused, connect them to 
ground or Vdd in the input state, or leave open in the 
output state. The port is in the high impedance or 
high-level output state at reset. 

PII0-PII3 (Port 11) 

Four-bit I/O port. This port can sink 10 mA and interface 
12 V(1). If any of these pins are unused, connect them to 
ground or Vdd in the Input state, or leave open in the 
output state. The port is in the high impedance or 
high-level output state at reset. 

P9o-P9i (Port 9) 

Two-bit output port. This port sinks 15 mA and can 
interface to 12 VO). If either of these pins are unused, 
leave it open. The port is in the high impedance state at 
reset. 

Vss (Ground) 

Ground. 

Note: (1) 9 V for the /*PD7556A/66A. 
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Pin Mask Options 

Table 1 shows the mask options for all the port pins and 
the RESET pin. You may select these options in bit units. 

Table 7. Pin Mask Options 



Pin 



POo 



POi/Vref 



PVCINo- 

P13/CIN3 



Options 



1 No connection to internal resistor 

2 Connected to internal pull-up resistor 

3 Connected to internal pull-down resistor 

1 No connection to internal resistor 

2 Connected to Internal pull-up resistor 

3 Connected to internal pull-down resistor 

4 Used as Vp^^F P'^^ 

1 A bias of Vdd/2 internally applied to 
Vref pin 

2 Bias not applied 

1 No connection to Internal resistor 

2 Connected to internal pull-up resistor 

3 Connected to internal pull-down resistor 

4 Used as comparator input pins 



Table /. Pin Mask Options (cont) 



Pin 



P80-P82/ 
P9o-P9i 



P83/CL2 (1) 
option 1 

P83/CL2 (1) 
option 2 



PIO0-PIO3 
PII0-PII3 



RESET 



Options 



1 CMOS (push-pull) output 

2 N-channel, open-drain output 



1 Used as P83 

2 UsedasCL2 

1 CMOS (push-pull) 

2 N-channel open-drain 



1 N-channel, open drain input/output 

2 CMOS (push-pull) input/output 

3 N-channel, open-drain input/output with 
internal pull-up resistor 



1 Connected to internal pull-down resistor 

2 Not connected to internal pull-down 
resistor 



Notes: 

(1) jiiPD7556/56A only. 



iiiPD7556/56/66/66AA Block Diagram 



INTO/POo 



c 



Clock 
Control 



Timer/ 
Event Counter 



H 



PC(10) 



H 



Program Memory 
1024x8 Bits 



Instruction 
Decoder 



J_L 



System 

Clock 

Generator 



standby 
Control 





L(4) 



H 



Data Memory 
64 X 4 Bits 



vdd gnd reset 



O 



lA 



Porto 
Buffer 



-POo/ INTO 
-POi/Vref 



<= 



Port1 

Buffer/ 

Comparator 



/V 



P10/CIN0-P13/CIN3 



> Port 8 h\ 
Latch 3 > 
Buffer I -j/ 



V 



Ports 
Latch 
Buffer 



P9o-P9i 



A — 1\ Port 10 

( ) Latch 

\| — y Buffer 



^ 4 \piOo-PIO3 



A — 1\ Port 11 A — 1\ 

^ ^ Latch C 4 )> 

Buffer NTK 



C ^ Latch K _L / PII0-PII3 
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FUNCTIONAL DESCRIPTION 

I/O Ports 

Figure 1 shows the internal circuits at I/O ports PO, P8, 
P10, andP11. 

F^ure 1, I/O Ports 



Type 1 Input Cell (part of Type 2): POq 
Vdd —^N^h—] 



-^o<^ 



Mask Option 
o — o 



Type 2 Schmitt-triggered Input: 
P10-pl3/CINo-CIN3 



Vdd 



-Mr-^ 



Mask Option 



^-^ 



-o^5 In 

^ Vdd 



-< 



4 o — (► Mask Option 



Types Input Cell: PoiA/^EF 
Vdd — ^^ 



— <}- 



Mask Option 

o— o 



^y^il — i — In 



n 

Reference 
Voltage 



Type 4 Output Cell: P80-P83. P9o-P9i ^dd 



A 



Output 
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Program Memory 

The mPD7556/56A/66/66A has a mask-programmable 
ROM with a capacity of 1024 words by 8 bits for program 
storage. It is addressed by the program counter. The 
reset start address is OOOH. Figure 2 shows the program 
memory map. 

General-Purpose Registers 

Two registers, H (2-bit) and L(4-bit) are provided as 
general-purpose registers. Each register can be individ- 
ually manipulated. The two registers also form pair 
register HL; H being the high register and L being the low 
one. The HL register is a data pointer to address data 
memory. Figure 3 shows the configuration of the general- 
purpose registers. 

The L register also specifies an I/O port or mode register 
when an I/O Instruction (IPL or OPL) is executed. It also 
specifies the bits of a port when the SPBL or RPBL 
instruction is executed. 

Data Memory 

The data memory is static RAM with a capacity of 64 
words by 4 bits. Part of this memory is used as the stack 
area. The data memory is also used in 8-bit data pro- 
cessing when paired with the accumulator. Figure 4 
shows the data memory map. 

Data memory can be addressed directly, with the imme- 
diate data from an instruction; indirectly, with the con- 
tents of HL (including auto-increment and auto- 
decrement); and indirectly by the contents of the stack 
pointer. 

You may use any area of the data memory as the stack. 
The boundary of the stack is determined by how the 
TAMSP instruction initializes the stack pointer. Once the 
boundary is set, a call or return instruction automatically 
accesses the stack. 

When a call Instruction is executed, the contents of the 
program counter and the program status word (PSW) are 
stored to the stack in the sequence shown in figure 5. 

When a return Instruction is executed, the contents of 
the program counter are automatically restored, but the 
PSW is not. The contents of data memory can be retained 
with a low supply voltage during STOP mode. 

Accumulator 

The accumulator is a 4-bit register used in arithmetic 
operations. The accumulator can process 8-bit data with 
paired data addressed by HL. Figure 6 shows the config- 
uration of the accumulator. 



Arithmetic Logic Unit 

The arithmetic logic unit (ALU) is a 4-bit arithmetic 
circuit that performs operations such as binary addition, 
logical operation, increment, decrement, comparison, 
and bit processing. 

Program Status Word 

The program status word (PSW) consists of two skip 
flags (SKO and SK1), a carry flag (C), and bit 1, which is 
always zero. Figure 7 shows the configuration of the 
PSW 

The contents of the PSW are stored to the stack when a 
call instruction is executed, but are not restored from 
the stack by the return Instruction. 

The skip flags retain the following skip conditions: string 
effect by LAI or LHLI instruction, and skip condition 
satisfied by an Instruction other than a string-effect 
instruction. The skip flag Is set or reset according to the 
instruction executed. 

The carry flag is set to 1 if an addition Instruction (ACSC) 
generates a carry from bit 3 of the ALU. If no carry is 
generated, the flag Is reset to zero. The SO instruction 
sets the carry flag and the RC instruction resets it. 

When a RESET is Input, the SK1 and SKO flags are 
cleared to zero and the contents of the carry flag are 
undefined. 

System Clock Generator 

The system clock generator consists of a RC oscillator 
OiiPD7556/56A), a ceramic resonator (/aPD7566/66A), a 
1/2 frequency divider, standby modes (STOP/HALT), and 
control circuit. Figure 8 Is a circuit diagram of the system 
clock generator for the /[iPD7556/56A. 

In the /iPD7556/56A, the RC oscillator operates with a 
single external resistor connected across CL1 and CL2 
(the capacitor C is incorporated). When the RC oscillator 
is not used, external clock pulses can be Input by the 
CL1 pin. In this case, the RC oscillator functions as an 
Inverting buffer. The output from the RC oscillator serves 
as the system clock (CL) which is then divided by two 
and used as the CPU clock (<^). 
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The standby mode control circuit Is made up of a STOP 
flip-flop and a HALT flip-flop. The STOP Instruction sets 
the STOP flip-flop and stops the system clock supply 
This flip-flop also stops the RC oscillator. The STOP 
flip-flop is reset by the standby release signal that 
becomes active when one of the test requests flags is set 
or at the falling edge of the RESET signal. When the 
STOP flip-flop is reset, the RC oscillator resumes opera- 
tion and supplies the system clock. 

The HALT and STOP instructions and RESET HIGH set 
the HALT flip-flop which disables signals from going to 
the 1/2 frequency divider that generates the CPU clock. 
Only the CPU clock stops in HALT mode. The HALT 
flip-flop is reset by the same conditions as the STOP 
flip-flop. 

Figure 9 shows the system clock generator circuit for the 
inPD7566/66A. 

On the mPD7666/66A, the ceramic oscillator operates 
with a ceramic resonator connected across CL1 and 
CL2. The output from the ceramic oscillator is used as 
the system clock (CL); it is divided by two to produce the 
CPU clock (<^). 

The standby mode control circuit is made up of a STOP 
flip-flop and a HALT flip-flop. The STOP instruction sets 
the STOP flip-flop and stops the ceramic oscillation, 
thus stopping the supply for all clocks. The STOP flip- 
flop is reset by the RESET signal (high level) and restarts 
ceramic oscillation. The supply of each clock resumes 
when RESET goes low. 

The HALT Instruction sets the HALT flip-flop which dis- 
ables signals from going to the 1/2 frequency divider that 
generates the CPU clock. Only the CPU clock stops in 
HALT mode. The HALT flip-flop is reset by the HALT 
RELEASE signal (activated by setting at least one test 
request flag) or the falling edge of RESET, resuming 
supply of the CPU clock. 

The HALT flip-flop is also set when RESET is active (high 
level). At power on reset operation, the rising edge of 
RESET starts ceramic oscillation; however, some time Is 
required to achieve stable oscillation. To prevent the 
unstable clock from operating the CPU, the HALT flip- 
flop is set and the CPU clock is stopped while RESET is 
high. Accordingly, the high-level width of RESET must be 
more than the required stable time for the ceramic 
resonator. 



Figure 2, Program Memory Map 
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Figure 4. Data Memory Map 
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Figure 5. Caii instruction Storage to Stacic 
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Figure & System Clock Generator for /iPD7556/56A 
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Clock Control Circuit 

The clock control circuit consists of a 2-bit clocl< mode 
register (bits CM1 and CM2), prescalers 1, 2, and 3, and 
a multiplexer It takes the output of the system clock 
generator (CL) and event pulses (POq). It also selects the 
clock source and prescaler according to the setting in 
the clock mode register and supplies the timer/event 
counter with count pulses. Figure 10 shows the clock 
control circuit. 



Table 2 lists the codes set in the clock mode register by 
the OPL instruction to specify the count pulse frequency. 

When you set the clock mode register with the OPL 
instruction, clear bit of the accumulator (correspond- 
ing to bit CMO of the EVAKIT-7500 or jaPDTSOOH during 
emulation). 
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Figure 10. Clock Control Circuit 
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Table 2, 


Selecting the Count Pulse Frequency 


CM2 


CM1 


Frequency Selected 








CL/256 





1 


POo 


1 





CL/32 


1 


1 


CL/4 



Timer/Event Counter 

The timer/event counter is a binary 8-bit up-counter 
whicli is incremented eacli time a count pulse is input. 
The TII\/IER instruction or a RESET signal clears it to 
OOH. When an overflow occurs, the counter is reset from 
FFH to OOH. Figure 11 shows the inputs an(d outputs of 
the counter. 



Test Control Circuit 

The /aPD7566/66A has two test sources, as shown in 
tables. 

The test control circuit consists of two test request flags 
INTT RQF and INTO RQF) set by the two test sources, 
the SM3 flag which determines whether INTO is enabled, 
and a test request flag control circuit that checks the 
contents of each test request flag by executing an SKI 
instruction and resetting the flags. 

The OPL instruction (L = FH, corresponding to A3) sets 
the SM3 flag. INTO is enabled when SM3 = 1. 



Tables, 


jnPD7556/5aA/66/66A Test Sources 


Source 


Function 


Location 


Request Flag 


INTT 


Overflow In timer/ 
event counter 


Internal 


INTT RQF 


INTO 


Test request signal 
from POo pin 


External 


INTO RQF 



The request flag INTT RQF is set when a timer overflow 
occurs in the timer event counter The SKI or TIMER 
instruction resets it. 

The logical sum of the outputs from the test request flags 
releases HALT mode. The mode is released when one or 
both flags are set. Both flags and SM3 are reset when the 
RESET signal is input. After reset, signal input to the 
INTO pin is inhibite(j as the initial condition. 

Figure 12 is a block diagram of the test control circuit. 



Figure 11. Timer/Event Counter 
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Figure 12. Test Control Circuit Blocic Diagram 
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Standby Modes 

The ^PD7556/56A/66/66A has two standby modes to 
reduce power consumption while the program is in the 
wait state. The STOP and HALT instructions set these 
modes. 

When the program enters a standby mode, program 
execution stops and the contents of all registers and 
data memory immediately before the program entered 
standby mode are retained. The timer can operate even 
in HALT mode. 

The RESET signal or STANDBY release signal 0) releases 
STOP mode. HALT mode is released when one or both of 
the test request flags are set, or when the RESET signal 
Is input. The program cannot enter a standby mode 
when a test request is being set, even if the STOP or 
HALT command is executed. 

If there is some uncertainty about the state of the test 
request flags, execute the SKI instruction to reset them 
so the program can enter standby mode. 

Table 4 compares STOP and HALT modes. The main 
difference is that STOP mode stops the system clock and 
HALT does not. Oscillation stops during STOP mode. 
The power consumed by the oscillator is the difference 
between the two modes. In STOP mode, data memory 
can be retained with a lower supply voltage. 

Note: (1) Standby release signal for iiiPD7556/56A only. 



Table 4. STOP and HALT Modes 




Mode CL <l> POo CPU 


Timer 


Released by 


STOP XX X 


A 


RESET Input 
INTT RQF, 
INTO RQF 
(jttPD7556/56Aonly) 


HALT X X 





INTT RQF 
INTO RQF 
RESET Input 



Notes: 

(1) o: operates, x: stops. 

A: operates depending on clock source. juPD7556/56A; if external 
clock Is used, STOP instruction will not stop CL. In this case 
STOP mode acts as HALT mode. 



Power-on Reset Circuit 

Figure 13 shows a circuit example of the power-on reset 
circuit using a resistor and a capacitor. This is the 
simplest reset control circuit. Figure 14 shows the circuit 
with a pull-down resistor internally connected to RESET 
as a mask option. 

MPD7556/56A/66/66A Applications 

Figures 15-18 show examples of application circuits for 
the ^PD7556/56A/66/66A. 

Table 5 compares the features of the low-end products of 
the 7600 series devices. 
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Figure 13. Power-on Reset Circuit 
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Table 5. Product Comparison 



Item 



^PD7554/54A 



fiPD7564/64A 



jttPD7556/56A 



jttPD7566/66A 



Instruction 
cycle/system 
clock (5 V) 



RC 



4jttS/ 
500 kHz 



External 



2.86 jus/ 
700 kHz 



4ittS/ 
500 kHz 



2.86 jus/ 
700 kHz 



Ceramic 


3 MS/ 
660 kHz 




Zp.sl 
660 kHz 


Instruction set 


47 


47 


45 


45 


ROM 


1024 X 8 


1024 X 8 


1024 x 8 


1024 X 8 


RAM 


64x4 


64x4 


64x4 


64x4 


I/O port total 


16 (max) 


16 


20 (max) 


19 


Port 


PO0-PO3 


PO0-PO3 


PO0-PO1 


PO0-PO1 


Port1 






PI0-PI3 


P0rP03 


Port 8 


P80-P82 
P82/CL2 


P80-P82 


P8(rP82 
P83/CL2 


P80-P82 


Ports 






P9(rP9i 


P9o-P9l 


Port 10 


PIO0-PIO3 


PIO0-PIO3 


PIO0-PIO3 


PIO0-PIO3 


Port 11 


P110"P113 


PII0-PII3 


PII0-PII3 


PII0-PII3 


Timer/Event 
counter 


8-bit 


8-bit 


8-bit 


8-bit 


Serial interface 


8-blt 


8-bit 






Comparator 






4-channel 


4-channel 


Process 


CMOS 


CMOS 


CMOS 


CMOS 


Package 


20-pin plastic SOP 
20 -pin shrink DIP 


20-pin plastic SOP 
20-pin shrink DIP 


24-pin plastic SOP 
24-pln shrink DIP 


24-pin plastic SOP 
24-pin shrink DIP 
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Figure 15. Refrigerator or Air Conditioner Circuitry 
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Figure 16. Rice Cooicer Circuitry 
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Figure 17. Washing Machine Circuitry 
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Figure 18. Tape Deck Controller Circuitry 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Ta = 25°C 



Operating temperature, Tqpt 


-10 to +70*'C 


Storage temperature, Tstg 


-65 to +150°C 


Power supply voltage, Vdd 


-0.3 to +7.0 V 


Input voltage, V| 
Except ports 10, 11 


-0.3 to Vdd +0.3 V 


Ports 10, 11 (Note 1) 
(Note 2) 
iaPD7556A/66A (Note 2) 


-0.3 to Vdd +0.3 V 
-0.3 to +13 V 
-0.3 to +11 V 


Output voltage, Vq 
Except ports 8, 10, 11 


-0.3 to Vdd +0.3 V 


Ports 8, 10, 11 (Note 1) 

(Note 2) 

jttPD7556A/66A(Note2) 


-0.3 to Vdd +0.3 V 

-0.3 to +13 V 

-0.3 V to +11 V 


Output current, high Iqh 
One port 


-5 mA 


All output ports, total 


-15 mA 


Output current, low Iql 
POi, PO2 


5 mA 


Ports 10, 11 


15 mA 


Ports 8, 9 


30 mA 


All ports, total 


100 mA 


Power dissipation, Pp (Ta = +70''C) 
Shrink DIP 


480 mW 


SOP 


250 mW 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability,* exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 

Notes: 

(1) CMOS I/O or N-channel open drain + internal pull-up resistor. 

(2) N-channel open drain I/O. 



Capacitance 

Ta = 25°C, Vdd = Vss = V; f = 1 MHz; 
Unmeasured pins returned to Vss 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input capacitance 


C| 






15 


PF 


PO0-PO1; 

PI0-PI3; 
CINo-CINg; 


Output capacitance 


Co 






35 


PF 


Port 8 


I/O capacitance 


C|/0 






35 


pF 


Ports 8-11 
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DC Characteristics 1; Vdd = 2.5 to 3.3 V; 

Ta = -10 to +tO"C; GND = V 


; MPD7556/56A 








Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input high voltage except CL1 


V,H1 


0.8 Vdd 




Vdd 


V 




Input high voltage CL1 


V|H2 


Vdd - 0.3 




Vdd 


V 




Input high voltage ports 10, 11 


V|H3 


0.8 Vdd 




12 (Note 1); 
9 ( Note 2) 


V 




Input high voltage RESET 


VlHDR 


0.9 Vdddr 




Vdddr + 0.2 


V 


Data retention mode 


Input low voltage except CL1 


V|L1 







0.2 Vdd 


V 




Input low voltage CL1 


V,L2 







0.3 


V 




Input leakage current except CL1 


Ilii 


-3 




3 


^A 


V ^ V, ^ Vdd 


Input leakage current CL1 


IlI2 


-10 




10 


fxA 


OV^Vi ^ Vdd 


Input leakage current ports 10, 11 


IlI3 






10 (Note 1) 


fiA 


V| = 12 V 








10 (Note 2) 


M 


V, = 9V 


Output voltage high ports 8-11 


VOH 


Vdd -1-0 






V 


lOH = -80 iiA 


Output voltage low ports 10, 11 


Vol 






0.5 


V 


lOL = 350 fxA 


Output voltage low ports 8-9 


Vol 






0.5 


V 


loL = 500 M 


Output leakage current 


Jloi 


-3 




3 


HiA 


V ^ Vo rs Vdd 


Output leakage current ports 8-11 


Il02 






10 
(Notes 1,2) 


M 


Vo = 12VjiiPD7556; 
Vq = 9Vj[iPD7556A 


Supply voltage, data retention mode 


Vdddr 


2.0 




6.0 


V 




Supply current, normal operation; 


Iddi 




55 


180 


M 


Vdd = 3 V ±0.3 V; R = 150 kfl ±2% 


R oscillation (Note 3) 




40 


150 


UA 


Vdd = 2.5 V;R = 150 kO ±2% 


Supply current, HALT mode; 


bD2 




25 


80 


HA 


Vdd = 3 V ±0.3 V; R = 150 kfl ±2% 


R oscillation (Note 3) 




18 


60 


M 


Vdd = 2.5 V; R = 150 kfl ±2% 


Supply current, STOP mode (Note 3) 


IdD3 




0.1 


5 


mA 




Supply current, data retention mode (Note 3) 


'dddr 




0.1 


5 


M 


Vdddr = 2.0 V 


Pull-up/down resistance, ports 0-1, RESET 


RP1 


23.5 


47 


70.5 


kQ 




Pull-up resistance, ports 10, 11 


RP2 


7.5 


15 


22.5 


kQ 





Notes: 

(1) N-channel, open drain I/O ports, jiiPD7556, 

(2) N-channel, open drain I/O ports, mPD7556A. 

(3) Current In built-in pull-up/down resistors excluded. 
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DC Characteristics 2; Vqd = 2.7 to 6.0 V: 

Ta = -10 to +70°C; GND = V 


; fiPD7556/56A/66/66A 






Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input high voltage except CL1 


V|H1 


0.7 Vdd 




Vdd 


V 




Input high voltage CL1 (Note 2) 


V|H2 


Vdd-0.5 




Vdd 


V 




Input high voltage ports 10, 11 


V|H3 


0.7 Vdd 




12 (Note 1); 
9 (Note 2) 


V 




Input high voltage RESET 


VlHDR 


0.9 Vdddr 




Vdddr + 0.2 


V 


Data retention mode 


Input low voltage except CL1 (Note 3) 


V1LI 







0.3 Vdd 


V 




Input low voltage CL1 


V|L2 







0.5 


V 




Input leakage current except CL1 (Note 3) 


•lii 


-3 




3 


mA 


V ^ V, ^ Vdd 


Input leakage current CL1 


IlI2 


-10 




10 


fxA 


V :S V, ^ Vdd 


Input leakage current ports 10, 11 (Note 4) 


Il13 






10 


HA 


V, = 9 V |aPD7556A/66A; or 12 V 


Output voltage high POi, PO2, ports 8-11 


VOH 


Vdd -2.0 






V 


Vdd = 4.5 to 6.0 V; Iqh = -1 mA 




VOH 


Vdd -1.0 






V 


Vdd = 2.7 V; loH = -100 M 


Output voltage low ports 10, 1 1 


Vol 






0.4 


V 


Vdd = 4.5 to 6.0 V; Iql = 1.6 mA 








2.0 


V 


Vdd = 4.5 to 6.0 V; Iql := 10 mA 








0.5 


V 


Vdd = 2.7 V; loL = 400 j!*A 


Output voltage low ports 8-9 


Vol 






2.0 


V 


Vdd = 4.5 to 6.0 V; Iql = 15 mA 








0.5 


V 


VDD = 2.7V;loL = 600|aA 


Output leakage current 


•loi 


-3 




3 


M 


V ^ Vo ^ Vdd 


Output leakage current, port 8-11 (Note 4) 


•l02 






10 


^A 


Vo = 12 V |LtPD7556/66, 
Vq = 9V^PD7556A/66A 


Supply voltage, data retention mode 


Vdddr 


2.0 




6.0 


V 




Supply current, normal operation; 


bDi 




650 


2200 


M 


Vdd = 5 V ±0.5 V; foe = 700 kHz 


ceramic oscillation (Notes 3, 5) 




120 


360 


fxA 


Vdd = 3 V ±10%; foe = 300 kHz 


Supply current, normal operation; 


bDi 




270 


900 


fxA 


Vdd = 5 V ±0.5 V; R = 56 ki2 ±2% 


R oscillation (Note 3) 




80 


240 


jaA 


Vdd = 3 V ±10%; R = 100 kO ±2% 


Supply current, HALT mode; ceramic 


bD2 




450 


1500 


mA 


Vdd = 5 V ±0.5 V; fee = 700 kHz 


oscillation (Note 3, 5) 




65 


200 


1.A 


Vdd = 3.0 V ±10%; fee = 300 kHz 


Supply current, HALT mode; 


'dD2 




120 


400 


,.A 


Vdd = 5 V ±0.5 V; R = 56 kQ ±2% 


R oscillation (Note 3) 




35 


110 


f^A 


Vdd = 3 V ±10%; R = 100 kfl ±2% 


Supply current, STOP mode (Note 3) 


bD3 




0.1 


10 


UtA 


Vdd = 5V±o.5V 






0.1 


5 


M 


Vdd = 3V±10% 


Supply current, data retention mode (Note 3) 


•dddr 




0.1 


5 


^A 


Vdddr = 2.0 V 


Pull-up/down resistance, port 0, RESET 


RP1 


23.5 


47 


70.5 


kQ 




Pull-up resistance, ports 8-11 


RP2 


7.5 


15 


22.5 


kQ 





Notes: 

(1) jttPD7556/66. 

(2) jttPD7556A/66A. 

(3) Current in built-in pull-up/down resistors excluded. 

(4) N-channel, open-drain I/O ports. 

(5) ittPD7566/66A. 
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DC Characteristics 3; Vdd = 2 

Ta = -10 to +70°C; GND = V 


.0 to 3.3 V; /iPD7556A only 






Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input high voltage except CL1 


V1HI 


0.8 Vdd 




Vdd 


V 




Input high voltage CL1 


V|H2 


Vdd -0.2 




Vdd 


V 




Input high voltage ports 10, 11 


V|H3 


0.85 Vdd 




9 


V 




Input high voltage RESET 


VlHDR 


0.9 Vdddr 




Vdddr + 0.2 


V 


Data retention mode 


input low voltage except CL1 


V|L1 







0.15 Vdd 


V 




Input low voltage CL1 


V|L2 







0.2 


V 




Input leakage current except CL1 


Ilii 


-3 




3 


luA 


OV^Vi^Vdd 


Input leakage current CL1 


IlI2 


-10 




10 


mA 


V s V| rs Vdd 


Input leakage current ports 10, 11 (Note 1) 


IlI3 






10 


laA 


V| = 9V 


Output voltage high POi, PO2, ports 8-11 


VOH 


Vdd -1.0 






V 


Ioh = -70mA 


Output voltage low PO1, PO2, ports 10, 11 


Vol 






0.5 


V 


Ports 10, 11:Iol = SOOjuA 


Output voltage low ports 8, 9 


Vol 






0.5 


V 


lOL = 400 fxA 


Output leakage current (Note 2) 


Iloi 


-3 




3 


luA 


OVs Vo^ Vdd 


Output leakage current ports 8-11 (Note 1) 


Ilo2 






10 


UtA 


Vo = 9V 


Supply voltage, data retention mode 


Vdddr 


2.0 




6.0 


V 




Supply current, normal operation; 


'ddi 




38 


130 


M 


Vdd = 3.0 ±10%; R = 240 kfl ±2% 


R oscillation (Note 2) 




20 


70 


^A 


Vdd = 2.0 V; R = 240 kQ ±2% 


Supply current, HALT mode; 


'dD2 




17 


60 


(xA 


Vdd = 3 V ±10%; R = 240 kfl ±2% 


R oscillation (Note 2) 




8 


25 


ILtA 


Vdd = 2 V; R = 240 kQ ±2% 


Supply current, STOP mode (Note 2) 


IdD3 




0.1 


5 


mA 




Supply current, data retention 
mode (Note 2) 


bODR 




0.1 


5 


mA 


Vdddr = 2.0 V 


Pull-up/down resistance, port 0, RESET 


RP1 


23.5 


47 


70.5 


kQ 




Pull-up resistance, ports 8-11 


RP2 


7.5 


15 


22.5 


kQ 





Notes: 

(1) N-channel, open-drain I/O ports. 

(2) Current in built-in pull-up/down resistors excluded. 
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Comparator 

Ta = -10 to +70°C; Vdd = 


= 3.0 to 6.0 V, GND = V 






















Symbol 


^PD7556/56A 


MPD7566/66A 


Unit 




Parameter 


Min 


Typ 


Max 


Min 


Typ 


Max 


Conditions 


Input voltage range 




Vcin/Vref 







Vdd 







Vdd 


V 


All comparators 


Response time 




TCOMP 


2 




4 


2 




4 


MC(Note 1) 


All comparators 


Input voltage resolution 




AVcN 






100 






100 


mV 


All comparators 






10 


50 




10 


50 


mV 


All comparators; 
Vdd = 5 V ± 0.5 V 


Input leakage current 




'cin/Iref 


-3 




3 


-3 




3 


^A 


All comparators 


Vref ^i^s resistance (R1, R2) 


BIAS 




100 






100 




kQ 


(R1 = R2) typically 


Comparator circuit current 


(Note 2) 


•ddcmp 




50 






50 




mA 


Comparator: 
Vdd = 5 V ± 0.5 V 



Notes: 

(1) Machine cycle. 

(2) Excluding current through bias resistor. 



AC Characteristics 1; Vdd = 

Ta = -10 to +70°C; GND = V 


2.5 to 3.3 V; mPD7556/56A 








Parameter 




Symlx>i 


Min 


Typ 


Max 


Unit 


Conditions 


System clock oscillation frequency, CL1, 


CL2 


fee 


140 


ISO 


220 


kHz 


R = 150 kQ ±2% 




140 


175 


210 


kHz 


Vdd = 2.5 V; R = 150 kfl ±2% 


External clock frequency, CL1 




fc 


10 




250 


kHz 


50% duty 


System clock rise time, CL1 




teR 






200 


ns 




System clock fall time, CL1 




teF 






200 


ns 




System clock pulse width, high 




*eH 


2 




50 


JUS 




System clock pulse width, low 




tet 


2 




50 


fiS 




External clock frequency (POq) 




fpoo 







250 


kHz 


50% duty 


POo rise time 




teRPO 






200 


ns 




POo fall time 




teFPo 






200 


ns 




POo pulse width, high 




tpooH 


2 






fi.S 




POo pulse width, low 




tpOOL 


2 






fXS 




INTO high time 




*IOH 


30 






ixs 




INTO low time 




tlOL 


30 






fiS 




RESET high time 




*RSH 


30 






txs 




RESET low time 




*RSL 


30 






|US 




RESET setup time 




^RS 









ixs 




RESET hold time 




tHRS 









fXS 
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AC Characteristics 2; Vdd = 2.7 to 6.0 V; iiiPD7556/56A/66/66A 

Ta = -10 to +70°C; GND = V 


Parameter Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


System clock oscillation frequency (Note 1) fee 


400 


500 


600 


kHz 


Vdd = 4.5 to 6.0 V; R = 56 kQ ±2% 




200 


250 


300 


kHz 


Vdd = 3 V ±10%; R = lOO kQ ±2% 


External clock frequency, CL1 fc 


10 




710 


kHz 


Vdd = 4.5 to 6.0 V; 50% duty 




10 




350 


kHz 


Vdd = 2.7 V; 50% duty 



System clock oscillation frequency (Note 2) fee 



290 



700 



710 



kHz 



Vdd = 4.5 to 6.0V 



Notes: 

(1) HIPD7556/56A. 

(2) jaPD7566/66A. 



290 



500 



510 



kHz 



Vdd = 4.0 to 6.0 V 



290 



400 



410 



kHz 



Vdd = 3.5 to 6.0 V 







290 300 310 


kHz 


Vdd = 2.7 to 6.0 V 


Oscillator setup (Note 2) 


tos 


20 




ms 


OS stabilization time after minimum of 
operating voltage reached 


System clock rise time, CL1 


ICR 




200 


ns 




System clock fall time, CL1 


ICF 




200 


ns 




System clock pulse width 


tCH 


0.7 


50 


MS 




System clock pulse width, CL1 


tCL 


1.45 


50 


us 


Vdd = 2.7V 


External clock frequency (POq) 


fpoo 





710 


kHz 


Vdd = 4.5 to 6.0 V; 50% duty 







350 


kHz 


Vdd = 2-7 V; 50% duty 


POo rise time 


tCRPO 




200 


ns 




POo fall time 


tCFPO 




200 


ns 




POo pulse width, high 


tpOOH 


0.7 




jllS 


Vdd = 4.5 to 6.0 V 


POo pulse width, low 


*POOL 


1.45 




fXS 


Vdd = 2.7V 


INTO high time 


t|OH 


10 




jUS 




INTO low time 


t|OL 


10 




ius 




RESET high time 


*RSH 


10 




jttS 




RESET low time 


tRSL 


10 




jUS 




RESET setup time 


tSRS 







JUS 




RESET hold time 


*HRS 







jUS 
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AC Characteristics 3; Vdd = 

Ta = -10 to +70°C; GND = V 


2.0 to 3.3 V; 


iiiPD7556A only 








Parameter 




Symbo 


1 Min 


Typ 


Max 


Unit 


Conditions 


System clock oscillation frequency 




fee 


65 


120 


145 


kHz 


R = 240 kO ±2% 


System clock oscillation frequency, CL1, 


CL2 


fee 


65 


100 


130 


kHz 


Vdd = 2.0 V; R = 240 kfl ±2% 


External clock frequency, CL1 




fe 


10 




150 


kHz 


50% duty 


System clock rise time, CL1 




ten 






200 


ns 




System clock fall time, CL1 




tCF 






200 


ns 




System clock pulse width, high 




ten 


3.3 




50 


fiS 




System clock pulse width, low 




tet 


3.3 




50 


liS 




External clock frequency (POq) 




fpoo 







150 


kHz 


50% duty 


POq rise time 




feRPo 






200 


ns 




POo fall time 




teppo 






200 


ns 




POo pulse width, high 




^POOH 


3.3 






fXS 




POo pulse width, low 




tpooL 


3.3 






us 




INTO high time 




f|OH 


50 






us 




INTO low time 




tlOL 


50 






fXS 




RESET high time 




fRSH 


50 






jUS 




RESET low time 




fRSL 


50 






fiS 




RESET setup time 




fSRS 









jUS 




RESET hold time 




fHRS 









JLIS 
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Timing Waveforms 
docks 



Data Retention Mode, nPD7S56/56A 



_1/fc— > 



-tCL- 



-^CH- 



H / '^ :^r 



POo 



< 1/POo > 



-tpOOL- 



tpOOR- 



^L^'' ^v 



-tpOOH- 



-tCF 



-V|H 
-V|L 



^POOF 

83RD-7150A 



External Interrupt 




Reset 




Vdd 



-STOP Mode - 



^<(-Data Retention Mode- 



(1); 



RESET - 




(4)7 



(2) 



(3) 



(1) 




_ Operating 
Mode 



(4) 



0)V|HI 
(2) VddDR 
(3)V,HDR 
(4)V,L| 



tSRS 



tHRS 



Data Retention Mode, juPD7566/66A 



Vdd- 



STOP Mode- 

Data Retention Mode 

< >. 



V 



tSRS 



/"^. 



tos 



.Operating 
Mode 
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jiPD75P56/P66 

4-Bit, Single-Chip, 

One-Time Programmabie (OTP) 

CI\/IOS l\/iicrocomputers With Comparator 



Description 

The /aPD75P56 and iaPD75P66 are 1024 x 8-bit, on-chip, 
one-time programmable (OTP) ROM versions of the 
mask ROI\/ls, /iPD7556 and /[aPD7566. They have the same 
functions as, and are pin-compatible with, their mask 
ROMs. Because of their programming capabilities, the 
iLtPD75P56/P66 are suitable for evaluation and small lot 
production for system development. Their unique fea- 
tures will be described in this data sheet. For Information 
about the base part iiiPD7556/66, please refer to its data 
sheet. 

Features 

n 45 instructions (subset of fxPDJSOO set B) 

n Instruction cycle: 

— External clock (^PD75P56): 2.86 jiiS/700 kHz, 5 V 

— RC oscillator (/^PD75P56); 4 jdis/SOO kHz, 5 V 

— Ceramic resonator (iLiPD75P66): 
2.86 ixs/700 kHz, 5 V 

n Program memory (ROM) of 1024 x 8 bits 

n Data memory (RAM) of 64 x 4 bits 

D 8-bit timer/event counter 

D 4-channel comparator 

□ I/O lines: 20-juPD75P56; 19-/[iPD75P66 

n One-time programmable 

— No mask option available 

n Data memory retention at low supply voltage 

□ Standby (STOP/HALT) functions 
a CMOS technology 

a Low-power consumption 

n Single power supply 

— 4.5 to 6.0 V, normal operation 



Ordering Information 



Part Number 


Package Type 


MPD75P56CS-001 


24-pin plastic shrink DIP (OTP) 


jttPD75P56CS-012 




jaPD75P66CS-001 




|iiPD75P56G-511 


24-pin plastic SOP (OTP) 


jiiPD75P56G-512 




)ttPD75P66G-511 





Pin Configuration 

24'Pin Plastic Shrink DiP or SOP (OTP) 



POo/INTOA/ppC 

POiA^rEfC 

CINo 

CINi C 

CIN2C 

CIN3C 

PSq/MDOC 

P81/MDIE 

P82/MD2C 

*CL2/MD3(P83/MD3)C 

cue 
vddC 




vss 

DP91 
=IP9o 
IIPII3/D7 
IIPII2/D6 
IIPII1/D5 
PII0/D4 
PIO3/D3 
PIO2/D2 
PIO1/D1 
DPIOq/Do 
RESET 



* P83can be selected when using external clock on p.PD75P56 only. 
CL2 can be selected when using RC oscillator. 

49NR-649A 
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Pin Identification 



Symbol 


Function 


POo/INTO/Vpp 


2-bit input port 0/testable input pin/ 
programming voltage supply pin for 
program memory write/verify 


Vref 


Comparator reference voltage input pin 


CINo 
CIN1 
CIN2 
CIN3 


4-channel comparator inputs 


P80-P82/MD0-MD2 

CL2/MD3 

(P83/MD3) 


4-bit output port 8/OTP operation mode/ 
connection for RC oscillator or ceramic 
resonator (No P83 on jaPD75P66) (Note 1) 


CL1 


Connection for ceramic resonator or RC 
oscillator 


Vdd 


Power supply. 4.5 to 6.0 V (normal); 
6.0V(OTP) 


RESET 


Reset input pin 


PlOi-PlOa/ 
D0-D3 


4-bit I/O port IO/D0-D3 during 
programming write/verify 


PII0-PII3/ 
D4-D7 


4-bit I/O port 11/ D4-D7 during 
programming write/verify 


P9o-P9i 


2-bit output port 9 


Vss 


Ground 



Notes: 

(1) MD0-MD3 are used as mode selection pins during programming. 

PIN FUNCTIONS 

POo/INTO/Vpp, Vref 

(Port 0/Count ciock input/Programming/ 

Comparator reference voltage input) 

Two-bit input port 0/count cioci< input/programming/ 
comparator reference voltage input. INTO is an edge- 
sensitive testable Input pin that detects a signal at the 
rising edge. Vpp is the programming supply pin for 
programming memory write/verify. Vref is the compar- 
ator reference voltage input pin. If POq/INTO/Vref is 
unused; connect it to ground. The port is in the input 
state at reset. 



CIN0-CIN3 (Comiparator inputs) 

Four-channel comparator inputs. Analog voltage input is 
compared with the reference voltage (Vref). The com- 
parison requires up to three machine cycles. To obtain 
the comparison result after changing the voltage applied 
to the Vre f pin by port output (OPL), and connecting the 
A/D converter via the resistor ladder, execute the input 
Instruction (IP1 or IPL, L = 1) after waiting three 
machine cycles following the execution of OPL. 

P80-P82/MDO-MD2, Pe/MDS or CL2/MD3 
(Port 8/Cioclc input 2/Mode selection for OTP) 

Four-bit output port 8. This port can sink 15 mA and 
interface 12 V. P83 Is a output port on the ^PD75P56. On 
the /tPD75P56, CL2 is one of the pins to which a resistor 
for RC oscillation is connected. On the iaPD75P66 CL2 is 
one of the pins to which a ceramic resonator is con- 
nected. If any of P80-P82 pins are unused, leave them 
open. The port is in the high Impedance state at reset. 
MD0-MD3 are used for OTP program memory write and 
read nriode selection. There is no P83 on /iPD75P66. 

CL1 (Clock input 1) 

On the jLtPD75P56, CL1 is one of the two pins to which a 
resistor for RC oscillation is connected. On the 
/aPD75P66, CL 1 is one of the two pins to which a ceramic 
resonator is connected. 

Vdd (Power supply) 

Positive power supply 4.5 to 6.0 V for normal operation. 
6.0 V for program memory write/verify. 

RESET (Reset) 

System reset input pin (active high). This pin is not 
internally connected to a pull-down resistor. 

PIO0-PIO3/D0-D3 (Port 10/Data I/O) 

Four-bit I/O port. This port can sink 10 mA and interface 
12 V. If any of these pins are unused, connect them to 
ground or Vqd in the input state, or leave open in the 
output state. The port is in the high impedance or 
high-level output state at reset. D0-D3 are four-bit I/O pins 
for program memory write/verify. 
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PII0-PII3/D4-D7 (Port 11/Data I/O) 

Four-bit I/O port. This port can sink 10 mA and interface 
12 V. If any of these pins are unused, connect them to 
ground or Vqd in the input state, or leave open in the 
output state. The port is in the high innpedance or 
high-level output state at reset. D4-D7 are four-bit I/O pins 
for program memory write/verify. 



P9o-P9i (Port 9) 

Two-bit output port. This port sinks 15 mA and can 
interface to 12 V. If either of these pins is unused, leave 
it open. The port is in the high impedance state at reset. 

Vss (Ground) 

Ground. 



Block Diagram 















INTO/POq 
1 








CP 




\NU 


t 






Clock Control 


Timer/Event 
Counter 


Test Control 




* 


CL^ 







s 



Program 
Counter (10) 



<z 



Program 
Memory 

1024x8 Bits 



LA 



System Clock 
Generator 



rr 



7> 




H 



n 



A (4) 



General Registers 



Instruction 
Decoder 



H(2) 



L(4) 



Stack Pointer (6) 



H 



CO 



Data Memory 
64x4 Bits 



Stand By 
Control 



o 



1 1 1 

Vdd GND Reset 



C= 



Porto 
Buffer 



POq/INTO 
POi/Vref 



M 

Port 1 -^ — ' 

Buffer/ yi , 

Comparator (^Tj P1o-Pl3/'C3N<j-CJ?!t3 



} Latch 3 > P8o-P82/MDQ-MDa 

X> P^0-P9l 

(^ P10o-P103/b<)^3 



r 
o 

o 



Ports 
Latcli 

Buffer 



Port 10 
Latch 
Buffer 



For HPD75P56/P66 (OTP) 



Port 11 /uv 
Latch (^^y PII0-PII3/O4-D7 
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FUNCTrONAL DESCRIPTION 
I/O Ports 

Figure 1 shovys the internal circuits at tlie I/O ports. 

Figure /. Interface at I/O Ports 



Type B-B (poq, INTO, Vrr) 



Input o- 



-^>" 



High 
Voltage 
Detector 



VppA/DD 

Switching 
Circuit 



- To PROM unit 



When a voltage of 21 V is applied to this pin, Vppis supplied to the PROM 
unit. When input of Vss to V DD is applied, Vdd is supplied to this pin. 



TypeO (P9o.P9i) 



Vdd 



A 



Output Disable - 



[^E 






/ 



Mask option for 
mask devices 



-DHE^-^*^ 






Type P (PIO0-PIO3.PII0-PII3) 
Vdd 



A 



Output Disable - 



^ 



■ p-ch : 



3> 



<^ 



I) Mask option for 
mask devices 



p- N-ch 

1 



Type P-A (P80-P82) 



Vdd 



A 



Output Disable - 



o 




Mask option for 
mask devices 



^3> 



l^„ 



Type Q-A (P83, CL1*, CL2*) 

0CLI 



RC 

Oscillator 



rsJype 



1 rie> 



Mask 
option 

mask 
devices 



-oP83/MD3(CL2/MD3) 



* For jiPD75P56 only 
Type R (RESET) 



Input o- 



Mask option for 
\ mask devices 
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Figure 1. Interface at I/O Ports (cont) 



^ 



TypeT(VREF) 
Vdd 



— ° Mask option 
9 for mask 
devices 



TypeU (CIN0-CIN3) 
Vdd 



< 



-o|n 



Vdd 




TypeY (CLr.CL2*) 
0CL1 



Ceramic 
Oscillator 



3-* — o^^ 



MD3* 
-o In * for HPD75P66 only 



-OCL2/MD3 



Mask option 
for mask 
devices 



Rref 
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^PD75P56/P66 and i[iPD7556/66 Comparisons 

Table 1 compares the features of OTP iaPD75P56/P66 
and their mask ROMs, ii4PD7556/66. 

Table /. Product Comparisons, fiPD7SP56/P66 and ftPD755e/66 



Item 


|ttPD75P56 (OTP) 


l*PD75P66 (OTP) 


fiPD7556 


l»PD7566 


Instruction 


RC 4 ]ttS/500 kHz 




4 ins/500 kHz 




cycle/system 
clock (5 V) 


External 2.86 ]ttS/700 kHz 




2.86 |ttS/700 kHz 






Ceramic 


2.86 ias/700 kHz 




2.86 jiis/700 kHz 


Instruction set 


45 (set B) 


45 (set B) 


45 (set B) 


45 (set B) 


ROM 


1024 X 8 


1024x8 


1024 x 8 


1024 X 8 


RAM 


64x4 


64x4 


64x4 


64x4 


I/O port total 


20 (max) 


19 


20 (max) 


19 


Porto 


POo-POi 


PO0-PO1 


PO0-PO1 


PO0-PO1 


Porti 


CIN0-CIN3 


CIN0-CIN3 


PI0-PI3 


PI1-PI3 


Ports 


P80-P82/MDO-MD2 
P83/MD3 


P80-P82/MDO-MD2 
CL2/MD3 


P80-P82 
P83/CL2 


P80-P82 
P82/CL2 


Ports 


P9o-P9i 


P9o-P9i 


P9o-P9i 


P9o-P9i 


Port 10 


PIO0-PIO3/D0-D3 


PIO0-PIO3/D0-D3 


PIO0-PIO3 


PIO0-PIO3 


Port 11 


P11o-P1l3/D4-D7 


PII0-PII3/D4-D7 


PII0-PII3 


PII0-PII3 


Timer/Event 
counter 


8-bit 


8-bit 


8-bit 


8-bit 


Output and 
I/O pins 


No on-chip resistor 


No on-chip resistor 


Mask options available 


Mask options available 


RESET 


No pull-down resistor 


No pull-down resistor 


Mask options available 


Mask options available 


Comparator 


4-channel 


4-channel 


4-channel 


4-channel 


Process 


CMOS 


CMOS 


CMOS 


CMOS 


Package 


24-pin plastic SOP (OTP) 
24-pin shrink DIP (OTP) 


20-pin plastic SOP (OTP) 
20-pin shrink DIP (OTP) 


24-pin plastic SOP 
24-pin shrink DIP 


24-pin plastic SOP 
24-pin shrink DIP 
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fiPD75P56 Application 

Figure 2 gives an application example of a refrigerator or 
air conditioner circuitry. 



Figure 2 Refrigerator or Air Condiiioner Circuitry 
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OTP PROM (Program Memory Write and Varify) 

The itAPD75P56/P66 is a one-time programmable (OTP) 
PROIVI version of the iaPD7556/66. The OTP is pro- 
grammed by the pins and their functions listed in table 2. 
During OTP programming, addresses are updated by 
inputting clocks, instead of addresses, from the 0L1 pin. 



Table 2. 


OTP Access 


Pin 


Function 


Vpp 


OTP programming voltage pin (normally Vqd) 


CL1 


Address update clock Input during programming 


MD0-MD3 


Mode selection during OTP programming 


D0-D7 


8-bit data I/O pins during OTP programming 


Vdd 


Supply voltage pin: 4.5 to 6.0 V during normal 
operation; 6 V during OTP programming 



Notes: 

The jttPD75P56/P66 has no erasure window. The program memory 
data cannot be erased with ultraviolet light. 

OTP Operation Mode 

The /LtPD75P56/P66 operates In the program memory 
write/verify mode when +6V is applied to Vdd and 
+21 V to Vpp. Mode pins MD0-MD3 select the operation 
modes shown in table 3. 

Table 3, OTP Operation Mode Selection (Nate 1) 

Vpp = +21 V; Vdd = +6 V 



MDO 


MD1 


MD2 


MD3 


Operating Mode 


H 


L 


H 


L 


Program memory address clear (Note 2) 


L 


H 


H 


H 


Program memory write (Note 3) 


L 


L 


H 


H 


Program memory verify (Note 4) 


H 


X 


H 


H 


Program inhibit (Note 5) 



Program Memory Write Procedure. The program mem- 
ory write procedure follows (Data can be written at high 
speeds.): 

(1) Connect unused pins to Vss through a pull-down 
resistor. RESET is pulled up to Vdd through a 
resistor. Set CL1 low. 

(2) Supply 5 V to Vdd and Vpp. 

(3) Select the program memory address clear mode 
(HLHL). 

(4) Change the voltage on Vdd to 6 V, and on Vpp to 
21 V. 

(6) Select the program inhibit mode (HXHH). 

(6) Write data in the 1 ms write mode (LHHH). 

(7) Select the program inhibit mode (HXHH). 

(8) Select the verify mode (LLHH). After data is written, 
proceed to step 9; if data is not written, repeat 
steps 6-8. 

(9) Perform one additional write. 

(10) Select the program inhibit mode (HXHH). 

(1 1 ) Increment the program memory address by one, by 
inputting four pulses to CL1. 

(12) Repeat steps 6-11 until the end address occurs. 

(13) Select the program memory address clear mode 
(HLHL). 

(14) Change the voltage on Vdd end Vpp to 5 V. 

(15) Turn off power. 

The timing for steps 2-11 is shown in figure 3. 



Notes: 

(1) X = L or H. 

(2) While HLHL is applied, the program counter Is cleared. 

(3) While LHHH is applied, data applied to D0-D7 Is written to the 
OTP 

(4) While LL HH Is applied, the OTP contents at the address which the 
program counter Indicates output to D0-D7. 

(5) While HXHH is applied, the OTP is nonaccessible, and D0-D7 are set 
to high impedance. 
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Figure 3. Timing Diagram for OTP Program Memory Write 
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Program Memory Read Procedure. The program mem- 
ory read procedure follows: 

(1) Connect unused pins to Vss through a pull-down 
resistor. RESET Is pulled up to Vqd through a 
resistor. Set CL1 low. 

(2) Supply 5 V to Vdd and Vpp. 

(3) Select the program memory address clear mode 
(HLHL). 

(4) Change the voltage on Vdd to 6 V, and on Vpp to 
21V. 

(5) Select the program inhibit mode (HXHH). 



(6) Select the verify mode (LLHH). Data is read from 
OOOH. Each time four clock pulses are input to the 
XI pin, data from one address is output. 

(7) Pulse Input to the CL1. Program memory address is 
updated at the rising edge of the third pulse. 
Address after updated one (+1) Is updated every 
four pulses. Repeat update to last address. 

Select the program memory address clear mode 
(HLHL). 

Change the voltage on Vdd and Vpp to 5 V. 

Turn off power. 



(8) 

(9) 

(10) 

The timing for steps 2-9 is shown in figure 4. 
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Figure 4. Timing Dls^ram for Program HHemory Read 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Ta = 25°C 



Operating temperature, Tqpt 


-10 to +70°G 


Storage temperature, Tstg 


-65 to +150°C 


Power supply voltage, Vpo 


-0.3 to +7.0 V 


Input voltage, V, 
Except ports 10, 11 


-0.3 to Vdd +0.3 V 


Ports 10, 11 (Note 1) 
(Note 2) 


-0.3 to Vdd +0.3 V 
-0.3 to +13 V 


Output voltage, Vq 
Except ports 10, 11 


-0.3 to Vdd +0.3 V 


Ports 10, 11 (Note 1) 
(Note 2) 


-0.3 to Vdd +0.3 V 
-0.3 to +13 V 


Output current, high Iqh 
One port 


-5 mA 


All output ports, total 


-15 mA 


Output current, low Iql 
Ports 8, 9 


30 mA 


Other ports 


15 mA 


All ports, total 


100 mA 


Power dissipation, Pq C^a = +70°C) 
Shrink DIP 


460 mW 


SOP 


250 mW 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 

Notes: 

(1) CIVIOS I/O or N-channel open drain + internal pull-up resistor. 

(2) N-channel open drain I/O. 



Capacitance 

Ta = 25°C, Vdd = Vgs = O V; f = 1 MHz 
Unmeasured pins returned to Vss 



Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Conditions 


Input capacitance 


C| 






50 


PF 


PO0-PO1; 
PI0-PI3 




15 




CIN0-CIN3 


Output capacitance 


Co 






35 


PF 


Ports 8, 9 


I/O capacitance 


C|/o 






35 


pF 


Ports 10, 11 



3-173 



PPD75P56/P66 



NEC 



DC Characteristics, Normal Operation 

Ta = -10 to +70°C 


;Vdd = 


4.5 to 6.0 V; Vss = 


ov 


Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Conditions 


Input high voltage except CL1 


V|H1 


0.7 Vdd 




Vdd 


V 




Input high voltage CL1 


V|H2 


Vdd - 0.5 




Vdd 


V 




Input high voltage ports 10, 11 (Note 1) 


V|H3 


0.7 Vdd 




12 


V 




Input low- and high-level voltage RESET 


VlHDR 


0.9 Vdddr 




Vdddr + 0.2 


V 


Data retention mode 


Input low voltage except CL1 


V1LI 







0.3 Vdd 


V 




lnpu| low voltage CL1 


V,L2 







0.5 


V 




Input leakage current except CL1 


Ilii 


-3 




3 


M 


OV<V, <Vdd 


Input leakage current CL1 


IlI2 


-10 




10 


fxA 


V < V, < Vdd 


Input leakage current ports 10, 11 (Note 1) 


IlI3 






10 


M 


V| = 12 V 


Output voltage high POi, PO2, ports 8-11 


VOH 


Vdd -2.0 






V 


lOH = -1 mA 


Output voltage low ports 10, 11 


Vol 






0.4 


V 


Iql = 1.6 mA 








2.0 


V 


lOL = 10 mA 


Output voltage low ports 8, 9 


Vol 






2.0 


V 


lOL = 15 mA 


Output leakage current 


Iloi 


-3 




3 


fxA 


ov< Vo< Vdd 


Output leakage current, port 8-11 (Note 1) 


'l02 






10 


fxA 


Vo = 12V 


Supply voltage, data retention mode 


Vdddr 


2.0 




6.0 


V 




Supply current, normal operation 


Iddi 




400 


1400 


M 


jaPD75P56: Vdd = 5 V ±10%; R = 560 ±2% 






700 


2300 


M 


jtiPD75P66: Vdd = 5 V ±10%; fcc = 700 kHz 


Supply current, HALT mode 


'dD2 




120 


400 


fxA 


juPD75P56: Vdd = 5 V ±0.5 V; R = 56fl ±2% 






450 


1500 


M 


jttPD75P66: Vdd = 5 V ±10%; fee = 700 kHz 


Supply current, STOP mode 


IdD3 




0.1 


10 


fxA 


Vdd = 5V±10% 






0.1 


10 


M 


Vdd = 5V±io% 


Supply current, data retention mode 


•dddr 




0.1 


5 


M 


Vdddr = 2.0 V 



Notes: 

(1) N-channel, open-drain I/O ports. 
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DC Characteristics, Programming mode; Vdd = 

Ta = 25°C; (Notes 1 and 2) 


6.0 V± 


0.25 V; Vpp = 


21 ±0.5 V; Vss = V 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input high voltage except CL1 


V,H1 


0.7 Vdd 




Vdd 


V 




Input high voltage CL1 


V|H2 


Vdd -0.5 




Vdd 


V 




Input low voltage except CL1 


V,L1 







0.3 Vdd 


V 




Input low voltage CL1 


V|L2 







0.5 


V 




Input leakage current 


Ili 






10 


fxA 


V|N = V,LorV,H 


Output voltage high 


VOH 


Vdd -2.0 






V 


loH = -1 mA 


Output voltage low 


Vol 






0.4 


V 


Iql = 1.6 mA 


Vdd supply current 


Idd 






30 


mA 




Vpp power current 


Ipp 






30 


mA 


MDO = V,L. MD1 = V,H 



Notes: 

(1) Vpp, including an overshoot, should not exceed +22 V. 

(2) Apply Vdd before Vpp, and cut off after Vpp. 

Figure 5. Recommended Circuits 
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Comparator 

Ta = -10 to +70°C; Vdd = 


= 4.5 to 6.0 V, 


Vss = OV 












Parameter 




Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input voltage range 




Vcin/Vref 







Vdd 


V 




Response time 




TCOMP 


2 




4 


MC(Note 1) 




Input voltage resolution 




AVcN 




10 


50 


mV 




Input leakage current 




Icin/Iref 


-3 




3 


M 




VpEF l^'^s resistance 




Rref 




100 




k» 




Comparator circuit current (Note 2) 


boCMP 




50 




M 


fee = 500 kHz 



Notes: 

(1) Machine cycle. 

(2) Excluding current through bias resistor. 



AC Characteristics, Normal Operation; 

Ta = -10 to +70X 


;Vdd 


= 4.5 to 6.0 V; 


Vss = 


V 


Parameter 


Symbol 


IVIin 


Typ 


IVIax 


Unit 


Conditions 


System clock oscillation frequency 


fee _ 


400 


500 


600 


kHz 


JUPD75P56: R = 56 kO ±2% 


CL1, CL2 


290 




710 


kHz 


JUPD75P66: ceramic resonator 


System clock input frequency, CL1 


fe 


10 




710 


kHz 


JUPD75P56: 50% duty 


Oscillation stabilization time 


k)s 


20 






ms 


OS stabilization after minimum of operating 


System clock rise time, CL1 


feR 






0.2 


JUS 


" voltage reached. (Note 1) 


System clock fall time, CL1 


tCF 






0.2 


JUS 




System clock pulse width, CL1 


tCH 


0.7 




50 


JUS 




System clock pulse width, CL1 


tCL 


0.7 




50 


JUS 




Event Input frequency (POq) 


fpo 







710 


kHz 


50% duty 


POo rise time 


tpOR 






0.2 


JUS 




POo fall time 


tpOF 






0.2 


JUS 




POo pulse width, high 


tpOH 


0.7 






JUS 




POo pulse width, low 


tpOL 


0.7 






JUS 




INTO high time 


t|OH 


10 






JUS 




INTO low time 


t|OL 


10 






JUS 




RESET high time 


tRSH 


10 






JUS 




RESET low time 


tRSL 


10 






JUS 




RESET setup time 


tSRS 









JUS 




RESET hold time 


tHRS 









JUS 





Notes: 

(1) Hold the RESET signal at a high level until oscillation becomes 
stable. 
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AC Characteristics, Programming Mode; 

Ta = 25''C 


Vdd = 


6.0 ± 


0.25 V; Vpp = 21 


±0.5 V, Vss = V 


Parameter 


Symbol 


Notel 


MIn 


Typ 


Max 


Unit 


Conditions 


Address setup time for MDO i (Note 2) 


tAS 


tAS 


2 






flS 




MD1 setup time for IVIDO i 


tMIS 


tOES 


2 






jas 




Data setup for IVIDO i 


k)S 


tDS 


2 






jas 




Address hold time for IVIDO t (Note 2) 


tAH 


tAH 


2 






fXS 




Data hold time for MDOT 


tDH 


tDH 


2 






JttS 




MDO T to data output float delay time 


tOF 


toF 







200 


ns 




Vpp setup time for MD3 T 


tvps 


tvps 


2 






fi,S 




Vdo setup time for MD3 T 


Vds 


tvcs 


2 






flS 




Initial program pulse width 


tpw 


tpw 


0.95 


1.0 


1.05 


ms 




Additional program pulse width 


tOPW 


tQPW 


0.95 




21.0 


ms 




MDO setup time for MD1 T 


hAOS 


tCES 


2 






JttS 




MDO i to data output delay time 


tDV 


tDV 






1 (Note 3) 


fXS 


MDO = MD1 =V|L 


MD1 hold time for MDO T 


tM1H 


tOEH 


2 






fXS 


tMIH + tMIR ^ 50 JttS 


MD1 recovery time for MDO 4- 


tM1R 


tOR 


2 






JttS 




Program counter reset time 


tpCR 




10 






JUS 




CL1 input low- and high-level widths 


*XH« *XL 




0.7 






IttS 




CL1 input frequency 


fx 








710 


kHz 




Initial mode set time 


t| 




2 






JttS 




MD3 setup time for MD1 t 


tM3S 




2 






JttS 




MD3 hold time for MD1 i 


tM3H 




2 






JttS 





MD3 setup time for MDO I 


tM3SR 




2 




JttS 


Address to data output delay time (Note 2) 


toAD 


tACC 


2 




JttS 


Address to data output hold time (Note 2) 


tHAD 


tOH 





300 


ns 


MD3 hold time for MDO T 


twSHR 




2 




JttS 



MD3 i to data output float delay time 



tDFR 



jttS During program memory read 



JttS 



Notes: 

(1) Symbol of the corresponding jttPD27C256. 

(2) "1" is added to the internal address signal at the rising edge of 
the third CL1 input. The signal is not input to the pin. 

(3) During CMOS output. 
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Timing Waveforms 

AC Timing Measurement Points 
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Timing Waveforms (cont) 
Program Memory Write (OTP) 
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Timing Waveforms (cont) 
Program Memory Read (OTP) 
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Timing Waveforms (cont) 

Data Retention Timing jiPDYSPSS 



STOP Instruction 
Execution 
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Operating Cimraciertstics 
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|LiPD75000 Series: 4-Bit IViicrocomputers 



' '-■ -Jx V-">i ^/J;^' ; ' = 



4-1 



4-Bit, High-Integration IMicrocomputers 




Section 4 

fiPD75000 Series: 

4-Bit, HIgli-lntegration Microcomputers 



mPD7500x/75P008 

General-Purpose 4-Bit Microcomputers 
With Multiple l/Os 


4-3 


MPD75028/75P036 

General-Purpose 4-Bit Microcomputers 
With A/D Converter 


4-27 


MPD75048/75P056 

General-Purpose 4-Bit Microcomputers 
With EEPROM and A/D Converter 


4-35 


mPD751xx/75P1xx 

High-End 4-Bit Microcomputers 


4-43 


/*PD7520x/7521x/75CG2xx/75P216A 

4-Bit Microcomputers 

With FIP (VF) Controller/Driver 


4-95 


MPD75268 

4-Bit Microcomputer 

With FIP (VF) Controller/Driver 


4-123 


mPD7530x/31x/P308/P316 

4-Blt Microcomputers 
With LCD Controller/Driver 


4-135 


/*PD75328/76P328 

4-Bit Microcomputers 

With LCD Controller/Driver and A/D Converter 


4-191 
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NEC Electronics Inc. 



jiPD7500x/75P008 
General-Purpose 4-Bit Microcomputers 

With IVIultiple l/Os 



Description 

The /iPD7500x/75P008 is a family of single-chip CMOS 
microcomputers containing CPU, ROM, RAM, I/O ports, 
several timer/counters, vectored interrupts, subsystem 
clock, and serial interface. 

The instruction set allows the user to manipulate RAM 
data and I/O ports in 1-, 4-, and 8-bit units. The devices 
are Ideally suited for controlling VORs, telephones, and 
meters. 

Both EPROM and OTP versions are available. Seei order- 
ing Information. 

Features 

° 103 instructions 

— Bit manipulation 

— 4-bit and 8-bit transfer 

— 1-byte relative branch 

— GETI instruction, to convert one 2-byte or two 
1-byte instructions into a single 1-byte 
instruction 

D Fast execution time (@ 4.19 MHz) 

— High-speed cycle: 0.95 //s 

— Lower-voltage cycles: 1.91 and 15.3 ;is 

a Program ROM 

— /iPD75004: 4096 bytes 
— /iPD75006: 6016 bytes 
— ^PD75008/P008: 8064 bytes 

n 512x4 bits of RAM 
— Allows operation on 1, 4, or 8 bits 

D Bit sequential buffer 

— 16-bit, bit manipulation memory 

D Eight 4-bit registers 

D Accumulators 

— 1-bit (CY) 

— 4-bit (A) 

— 8-blt(XA) 

n 26 I/O lines 

— 8 N-channel open drain; can withstand 10 V 
— 18 outputs directly drive LEDs 

Osink = 15 mA rms) 
a One external event input 

a Three timers 

— 8-bit basic interval timer 

— 8-bit timer/event counter 

— 14-bit watch timer 



D 8-bit serial interface 

— SBI mode 

— 2- or 3-wire mode: data transfer can be full 
duplex or receive only, and can be MSB or LSB 
first 

D Vectored interrupts 

—Three external interrupts 
—Three internal interrupts 

— Nine inputs which each generate one Interrupt 
request 

D Eight input-only lines 

° Standby modes 

— HALT mode: stops CPU only 

— STOP mode: stops main system clock 

° Mask option pull-up resistors for ports 4 and 5 
° Operates with oscillator or ceramic resonator 
a CMOS operation with Vqd from 2.7 to 6.0 V 

° Power consumption @ 5 V and 4.19 MHz 

— Normal mode: 2.5 mA typical 

— HALT mode: 0.5 mA typical 

— STOP mode: 0.5 jl/A typical 

n Programmable version: 
— /iPD75P008 OTP 

Ordering Information 



Part Number 


Package Type 


ROM 


iL/PD75004CU-xxx 


42-pin plastic SDIP 


IVIask ROM 


/iPD75004GB-xxx-3B4 


44-pin plastic QFP 


IVIask ROM 


/iPD75006CU-xxx 


42-pin plastic SDIP 


Mask ROM 


A/PD75006GB.XXX-3B4 


44-pin plastic QFP 


Mask ROM 


//PD75008CU-XXX 


42-pin plastic SDIP 


Mask ROM 


/iPD75008GB-xxx-3B4 


44-pin plastic QFP 


Mask ROM 


/iPD75P008CU 


42-pin plastic SDIP 


OTP 


/iPD75P008GB-3B4 


44-pin plastic QFP 


OTP 



Notes: 

(1) XXX indicates ROM code suffix 
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Pin Configurations 
42'Pin Plastic SDiP 



44'Pin Plastic QFP 





XT1 C 


T~V/~jr 


=1 Vss 




XT2 C 


2 41 


3 P4o 




RESET C 


3 40 


3 PA, 




XI C 


4 39 


3 P42 




X2 C 


5 38 


3 P43 




P33C 
P32 C 


6 37 

7 36 


3 P5o 
3 P5i 




P3i C 


8 35 


3 P52 




P3o C 
P81 C 
PSqC 


9 34 

10 33 

11 32 


3P53 
3 P60/KRO 
3 P61/KRI 




SI/SBI/PO3 c 
SO/SBO/PO2 c 

SCK/PO^ C 


12 31 

13 30 

14 29 


3 P62/KR2 
3 P63/KR3 
3 P7o/KR4 




INT4/P0q C 


15 28 


3 P7i/KR5 




TIO/PI3 c 
INT2/PI2 C 


16 27 

17 26 


3 P72/KR6 
3 P73/KR7 




INTI/PI^ C 
INTO/PI C 


18 25 

19 24 


3 P2o/PTOO 
3 92, 




NC(Vpp)C 


20 23 


3 P22/PCL 


Note 


Vdd^ 


21 22 


3 P23/BUZ 


Vpp is the programn 
connected to Vqd- ' 


ning pin in the 75F 
t is not connected 


>008 and should he 
in the mask ROM ports. 




83RD-6363A | 





nnnnnnnnnnn 




P72/KR6C 10 33 D P^^fT\0 
P7i/KR5 C 2 32 D POo/INT4 
P7o/KR4 C 3 31 1 PO^/SCK 
P63/KR3C 4 30 1 PO2/SO/SBO 
P62/KR2 C 5 29 D PO3/SI/SBI 
P61/KRI C 6 28 D P80 "" 


P60/KRO C 
P53C 
P52C 


7 27 3 P81 

8 26 D P3o 

9 25 D P3i 


P51 C 


10 24 


DP32 


P50C 


11 23 
eMeo^u)»h;coo)j^j|je^ 


3P33 




uuuuuuuuuuu 




Note : Vpp is the programming pin in the 75P008 and should be 

connected to Vdd- 't is not connected in the masl< ROM ports. 

83RD-6364A 
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Pin Identification 



Symbol 


Function 


NC(Vpp) 


No connection 

(programming voltage for jttPD75P008 


PO0/INT4 


Port input; Interrupt 4 


PO1/SCK 


Port Input; serial clock 


PO2/SO/SBO 


Port Input; serial out; serial Interface 


PO3/SI/SBI 


Port Input; serial In; serial Interface 


PI0/INTO 


Port 1 input; Interrupt 


PI1/INTI 


Port 1 Input; Interrupt 1 


PI2/INT2 


Port 1 input; Interrupt 2 


PI3/TIO 


Port 1 Input; timer Input 


P2o/PTOO 


Port 2 I/O; timer/event counter output 


P2i 


Port 2 I/O 


P22/PCL 


Port 2 I/O; clock output 


P23/BUZ 


Port 2 I/O; buzzer output 


P30-P33 


Port 3 I/O 


PVP43 


Port 4 I/O 


P50-P53 


Port 5 I/O 


P60/KRO 


Port 6 I/O; key scan Input 


P61/KRI 


Port 6 I/O; key scan input 1 


P62/KR2 


Port 6 I/O; key scan Input 2 


P63/KR3 


Port 6 I/O; key scan Input 3 


P7o/KR4 


Port 7 I/O; key scan input 4 


P7i/KR5 


Port 7 I/O; key scan Input 5 


P72/KR6 


Port 7 I/O; key scan Input 6 


P73/KR7 


Port 7 I/O; key scan input 7 


P80-P81 


Port 8 I/O 


RESET 


Reset Input 


Vdd 


Positive power supply 


Vss 


Ground 


X1,X2 


Main clock inputs 


XT1,XT2 


Subsystem clock Inputs 



PIN FUNCTIONS 



PO0-PO3, INT4, SCK, SO/SBO, SI/SB1 
(Port 0, Interrupt 4, Serial Interface) 

These pins can be used as 4-bit input port 0. POq can 
also be used for vectored interrupt 4, wliich interrupts on 
eitlier tlie leading edge or the trailing edge of the signal. 
PO1-PO3 may also be used for the serial interface in the 
SBI, 2-wire or 3-wir e mo de. SI Is the serial input, SO isthe 
serial output, and SCK is the serial clock. Reset causes 
these pins to default to the port input mode. 



PI0-PI3, INT0-INT2, TIO (Port 1, Edge-Triggered 
Interrupts, Timer Input) 

These pins can be used as 4-bit input port 1. PI0 and P1 1 
can also be used for edge-triggered interrupts INTO and 
INT1. PI2 can be used for INT2, which is also an 
edge-triggered Input, but one which generates an inter- 
rupt request and does not cause an interrupt. PI3 can be 
used as an input clock to the timer/event counter to 
count external events. Reset causes these pins to de- 
fault to the port 1 input mode. 

P2o-P23, PTOo, PCL, BUZ (Port 2, Timer/Event 
Counter, Clock, or Buzzer Output) 

These pins can be used as 4-bit I/O port 2. When used as 
an output the data is latched. When used as an input port 
the port outputs are three-state. P2o can also be used as 
the output of the timer/event counter flip flop (TOUT); 
P22 can be used as the output for the clock generator 
(PCL); and P23 can be used to output square waves for a 
buzzer. Reset causes these pins to default to the port 2 
input mode. 

P30-P33 (Port 3) 

These pins are used for I/O port 3. Each bit in this port 
can be Independently programmed to be either an input 
or an output. This port has latched outputs, and can 
directly drive LEDs. A reset signal causes this port to 
default to the input mode. 

P40-P43, P50-P53 (Ports 4 and 5) 

Port 4 and 5 are 4-bit I/O ports which can be combined 
together to function as a single 8-bit port. They have 
latched outputs. Port 4 will directly drive LEDs. Outputs 
are N-channel open drain, and can withstand up to 10 
volts; pull-up resistor mask options are available for 
these ports. A reset signal causes these ports to default 
to the input mode. 

P60-P63, P7o-P73, KR0-KR7 (Ports 6, 7, and Edge 
Detection) 

Ports 6 and 7 are 4-bit I/O ports with latched outputs. 
Each pin of port 6 can be independently programmed to 
be either an input or an output, while port 7 can be 
programmed to be either ail Inputs or all outputs. Ports 6 
and 7 can be paired together to function as one 8-bit 
port. Alternately, these pins may be used to detect the 
falling edge of inputs KR0-KR3 (port 6) and KR4-KR7 
(port 7). A reset signal causes these ports to default to 
the input mode. 
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P80-P81 (Port 8) 

Port 8 is a 2-bit I/O port. Outputs are latched. A reset 
signal causes this port to default to the input mode- 

NC/Vpp (No Connection/Programming Pin) 

This pin may be left unconnected when using the 
iLtPD7500x. When using the prograrnmable devices, this 
pin is used to input the programming voltage during the 
EPROM write/verify cycles. During normal operation of 
the programmable device, this pin should be tied to Vdd- 

X1, X2 (Main System Clock Inputs) 

These pins are the main system clock inputs. The clock 
can be either a ceramic resonator or a crystal; an 
external logic signal may also be used. 



XT1 , XT2 (Subsystem Clock Inputs) 

These pins are the subsystem clock inputs. The clock 
can be either a ceramic resonator or a crystal; an 
external logic signal may also be used. 



RESET (Reset) 

This is the reset input, and it is active low. 

Vdd (Power Supply) 

The system positive power supply pin. 

Vss (Ground) 

System ground. 



Block Diagram 



T10/PI3 ' 

PTO0/P20 ' 



BUZ/P23 < 



SI/SBI/PO3 

SO/SBO/PO2 

SCK/PO1 



INTO/PI0 < 
INTI/PI1 i 
INT2/PI2 ' 
INT4/PO0 ' 
PSq/KRO- 

P63/KR3 ' 
P7o/KR4- 

P73/KR7 



Interval 
Timer 



O 



Timer/Event 
Counter 



O 



Watch 
Timer 



T" 

INTW 



o 



Clocked 
. Serial 
Interface 



O 



INTCSI 



Interrupt 
Control 



O 



Bit 
Sequential 
Buffer(16) 



O 




Program 
Memory 
(ROM) 

4096 X 8 Bits 
(^PD75004) 



8064 X 8 Bits 

{^PD75008/ 

75P008) 



H 



Decode 

and 
Control 



General 
Register 



Data Memory 

(RAM) 
512x4 Bits 



O 





t 








Clock 
Output 
Control 


Clock 
Divider 


System Clock 
Generator 


standby 
Control 


Sub 


Main 



- CPU Clock 



TTTT 

XT1 XT2 X1 X2 



^ Porto (^T~\ POn-POct 



<^ Port1 (VH P^O 



O P°rt2 (y> P20-P23 



(^ Ports (V> P30-P3 



O P^^^^ SX> P^0-P^3 



O P°^^^ C4> ^^0-^^3 



^^ Port 6 ^4^ P60-P63 



O P°^t7 (y> P70-P73 



O P°^t8 (Y> P80-P8 



1 t -t 



Vdd Vss RESET 
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Product Comparison 


Item 


;iPD75004 


^PD75006 


jaPD75Q08 


j»PD75P008CU/GB 


Program memory 


Mask ROM 
OOOH-FFFH 
4096 X 8 bits 


Mask ROM 
0000H-177FH 
6016 X 8 bits 


Mask ROM 
0000H-1F7FH 
8064x8 bits 


OTP 

OO0OH-1F7FH 
8064 X 8 bits 


Data memory 


512 X 4 bits 
Bank 0: 256 x 4 
Bank 1:256x4 


512 X 4 bits 
Bank 0: 256 x 4 
Bank 1:256x4 


512x4 bits 
Bank 0:256x4 
Bank 1:256x4 


512x4 bits 
Bank 0:256x4 
Bank 1:256x4 


3-byte branch instruction 


None 


Provided 


Provided 


Provided 


Other Instructions 


Provided 


Provided 


Provided 


Provided 


Program counter 


12 bits 


13 bits 


13 bits 


13 bits 


Pull-up resistor, 
ports 0-3; 6-8 




Can be specified by software 




Pull-up resistor, 
ports 4, 5 


Mask option 


Mask option 


Mask option 


Not provided 


Operating voltage range 


2.7 to 6.0 V 


2.7 to 6.0 V 


2.7 to 6.0 V 


5V±5% 


Package 




42-pin plastic shrink DIP 
44-pin plastic QFP (bent) 




42-pin plastic shrink DIP 
44-pin plastic QFP (bent) 



ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings 

Ta = 25<'C 




Supply voltage, Vdd 


-0.3 to +7.0 V 


Programming voltage, Vpp (jiiPD75P008 only) -0.3 to +13.5 V 


Input voltage, V|Ni 


-0.3 to Vdd + 0.3 V 


Input voltage, V|N2 

(Ports 4 and 5 with open drain) 


-0.3 to 11V 


Output voltage, V© 


-0.3 to Vdd + 0.3 V 


High-level output current, Iqh 
Single pins 


-10 mA 


All pins 


-30 mA 


Low-level output current, Iql (Note 1) 
Ports 0, 3-5 (one port pin) 


30 mA peak, 15 mA rms 


All ports except 0, 3-5 


20 mA peak, 10 mA rms 


Total of ports 0, 3-5, 8 


160 mA peak, 120 mA rms 


Total of ports 2, 6, 7 


66 mA peak, 33 mA rms 


Storage temperature, Tstg 


-65 to +150°C 


Operating temperature, Tqpt (jttPD7500x) 


-40 to +85°C 


Operating temperature, Tqpt (|tiPD75P008 only) -10 to +70°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

Notes: 

(1) Effective value 



Peak value X (Duty) 1/2 



Capacitance 

Ta = 25''C;Vdd = 



OV 



Parameter Symbol Min Max Unit Conditions 



Input 
capacitance 



C|N 



15 



PF 



Output 
capacitance 



Cout 



15 



f = 1 MHz; 

all unmeasured pins 

returned to ground 



I/O 
capacitance 



Cio 



15 



PF 
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Main System Clock Oscillator Characteristics 

jttPD7500x: Ta = -40 to +85°C, Vqd = 2.7 to 6.0 V 
jttPD75P008: Ta = -10 to +70*'C, Vqd = 4.5 to 5.5 V 



Oscillator 



Parameter 



Symbol MIn Typ 



Max 



Unit Conditions 



Ceramic resonator Oscillation frequency (Note 1) 
(Figure 1A) 



^xx 



1.0 



5.0 



Oscillation stabilization time (Note 2) 



4 (Note 3) ms 



MHz After Vqd reaches the minimum 
oscillator operating voltage range. 



Crystal resonator Oscillation frequency (Note 1) 
(Figure 1A) 



TXX 



1.0 4.19 



5.0 



MHz 



Oscillation stabilization time (Note 2) 



10 (Notes 3, 4) ms 











30 (Notes 3, 5) 


ms 


External clock 


XI input frequency (Note 1) 


*xx 


1.0 


5.0 


MHz 


(Figure IB) 


XI input low- and high-level width 


^H. *XL 


100 


500 


ns 



Notes: 

(1) The oscillation frequency and XI input frequency are included 
only to show the characteristics of the oscillators. Refer to the AC 
Characteristics table for actual instruction execution times. 

(2) The oscillation stabilization time is the time required for the 
oscillator to stabilize after voltage is applied or the STOP mode is 
released. 



(3) Values shown are for the recommended resonators. Values for 
resonators not shown in this data sheet should be obtained from 
the manufacturer's specification sheets. 

(4) Vdd = 4.5 to 6.0 V for 7500X or 4.5 to 5.5 V for juPD75P008. 

(5) For jttPD7500x only at Vqd = 2.7 - 6.0 V 



Subsystem Clock Oscillator Characteristics 

jiiPD7500x: Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V 
jttPD75P008: Ta =* -10 to +70°C; Vdd == 4.5 to 5.5 V 



Oscillator 



Parameter 



Symbol Min Typ IMax Unit Conditions 



Crystal resonator Oscillation frequency 
(Figure 2A) 



fxT 



32 32.768 35 kHz 



Oscillation stabilization time 



1.0 



See note 4 under Main System 
Oscillator Characteristics 









2 


s 


See note 5 under Main System Oscillator 
Characteristics 


External clock 


XT1 input frequency fxj 


32 


100 


kHz 




(Figure 2B) 


XT1 input low- and high-level width txTH« *XTL 


5 


15 


jtlS 
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Recommended Oscillator Circuit Constants (For 7500x only) 

Main system clock = Ceramic; T^ = -40 to +85°C 




Part Number 
(Note 1) 


Frequency 
(MHz) 


01 
(PF) 


C2 

(pF) 


Oscillation Voltage 


Manufacturer 


Mln(V) 


Max(V) 


Murata 


CSA X.XXIVIK 


1.0-1.99 


30 


30 


2.7 


6.0 




CSA X.XXMG093 


2.0-2.44 


30 


30 


2.7 


6.0 




CST X.XXIVIG093 


2.0-2.44 


(Note 2) 


(Note 2) 


2.7 


6.0 




CSA x.xxiVIGU 


2.45-5.0 


30 


30 


2.7 


6.0 




CST X.XXMGU 


2.45-5.0 


(Note 2) 


(Note 2) 


2.7 


6.0 




CSA X.XXIV1G 


2.0-5.0 


30 


30 


3.0 


6.0 




CSTx-xxlVIG 


2.0-5.0 


(Note 2) 


(Note 2) 


3.0 


6.0 


Kyocera 


KBR 1000H 


1.0 


100 


100 


2.7 


6.0 




KBR2.0IVIS 


2.0 


47 


47 


2.7 


6.0 




KBR 4.0IVIS 


4.0 


33 


33 


2.7 


6.0 




KBR5.0M 


5.0 


33 


33 


3.0 


6.0 



Notes: 

(1) X.XX indicates frequency. 

(2) CI and C2 not required; they are in tlie osciliator. 

F^ure f . Main System Clock Configurations 



A. Ceramic/Crystal 


Resonator 




83RD-6443A 




■ 


XI 
X2 


CI I 






V ^2 Z 








B. External Clock 




h.o . 


X1 
X2 


1^ < 

^PD74HCU04 


->- 


Note: When the input Is 
to System ground 


an exte 
ause tl- 
(Vss) 


male 
leXI 


ock, the stop mode 
3ln Is connected 



Figure 2, $ul»system Clock Configurations 



A. Crystal Resonator 






83RD-6444A 






XT1 
XT2 


C3 I 


: 


<7 "J 








330 


ka 
B. External Clock 




ISo 


XT1 
XT2 


Open — 


Note: For 75P008.C3 


= 22p 


fandC4 


= 33pf 
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Recommended Oscillator Circuit Constants (For 7500x only) 

Main system clock = Crystal; T^ = -20 to +70°C 


Manufacturer Part Number 


Frequency 
(MHz) 


01 (Note 1) 
(pF) 


02 
(pF) 


Oscillation Voltage 
Min(V) Max(V) 


Kinseki HC-6U 


1.0-2.0 


20 


22 


2.7 6.0 


HC-18U, HC-43/U, HC-49/U 


2.0-5.0 


20 


22 


2.7 6.0 



Notes: 

(1) Keep C1 between 15 and 33 pF when adjusting the oscillation 
frequency 

Recommended Oscillator Circuit Constants (For 7500x only) 

Subsystem clock = Crystal; T^ = -10 to +60°C 





Part Number 


Frequency 
(MHz) 


03 (Note 1) 
(pF) 


04 
(pF) 


Oscillation Voltage 


Manufacturer 


Min (V) Max (V) 


Kinseki 


P-3 


32.768 


18 


18 


2.7 6.0 



Notes: 

(1) Keep C3 between 10 and 33 pF when adjusting the oscillation 
frequency 

DC Characteristics 

jtiPD7500x: Ta = -40 to +85°C, Vqd = 2.7 to 6.0 V 
|aPD75P008: Ta = -10 to t70°C, Vpo = 4.5 to 5.5 V 



Parameter 



Symbol 



MIn 



Typ 



Max 



Unit Conditions 



High-level input voltage 



VlH1 



0.7Vdd 



Vdd 



Ports 2, 3, 8 



V|H2 



0.8Vdd 



Vdd 



Ports 0, 1,6, 7, and RESET 



V|H3 



0.7Vdd 



Vdd 



Ports 4 and 5; built-in pull-up resistor 



0.7Vdd 



10 



Ports 4 and 5 with open drain 





V,H4 


Vdd-0.5 


Vdd 


V 


X1,X2,XT1 


Low-level input voltage 


V|L1 





0.3Vdd 


V 


Ports 2, 3» 4, 5, 8 




V|L2 





0.2Vdd 


V 


PortsO, 1,6, 7;RESET 




V|L3 





0.4 


V 


X1,X2,XT1 


High-level output voltage 


VOHI 
(Note 1) 


Vdd-1-0 




V 


Ports 0, 2, 3, 6, 7, 8; Iqh = -1 mA 




VoH2 
(Note 2) 


Vdd-0.5 




V 


Ports 0, 2, 3, 6, 7, 8; Vdd = 2.7 to 6.0 V; 
lOH = -100 fxA 



Low-level output voltage 



VoLl 



V0L2 



0.4 


2.0 


V 


Ports 4 and 5; (Note 1); Iol= 15 mA; 


0.6 


2.0 


V 


Port 3; (Note 1); Iol= 15 mA 




0.4 


V 


Ports 0, 2-8; (Note 1); Iol= 1-6 mA 




0.5 
(Note 2) 


V 


Ports 0, 2-8; Vdd = ^.5 to 6.0 V; Iol= 400 fiA 




0.2Vdd 
(Note 1) 


V 


SBO, 1 open drain; pull-up resistance s 1kO 



0.2Vdd V SBO, 1 open drain; Vdd = 2.7 to 6.0 V; 

(Note 2) pull-up resistance s 5ki2 



High-level input leakage current 


Ilihi 


3 


^A 


All except XI, X2, and XT1; V|n = Vdd 




•lih2 


20 


^A 


X1,X2,andXT1;V,N = Vdd 




Ilih3 


20 


M 


Ports 4, 5 with open drain; V|n = 10 V 
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Built-in pull-up resistor 



DC Characteristics (cont) 


Parameter 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Low-level input leakage current 


Ilili 




-3 


fxA 


All except X1, X2, and XT1; V,n = V 




'lIL2 




-20 


fiA 


X1,X2, andXT1;V,N = OV 


Higli-level output leakage 
current 


'lohi 




3 


HA 


All except ports 4 and 5 with open drain; 
VouT = Vdd 




'lOH2 




20 


HA 


Ports 4 and 5 with open drain; Vqut = 10 V 


Low-level output leakage 
current 


Ilol 




-3 


I^A 


VouT = OV 



Rli 



15 



40 



80 



ki2 Ports 0-3, 6-8 (except POq); V|n = V; 
Vdd = 5.0 V ± 10% 



30 
(Note 2) 



300 
(Note 2) 



kQ 



Ports 0-3, 6-8 (except POq); V|n = V; 
Vdd = 3.0 V ± 10% 



Rl2 
(Note 2) 



15 



40 



70 



kQ Ports 4, 5; Vqut = Vdd -2.0 V; 
Vdd = 5.0 V ± 10% 



10 



kQ Ports 4, 5; Vqut = Vdd -2.0 V; 
VbD = 3.0 V ± 10% 



Supply current 
(Note 3) 



Iddi 



(Note 2) 2.5 



8.0 



mA Vdd = 5.0 V ± 10% (Notes 4, 6) 



(Note 2) 0.35 



1.2 



mA Vdd = 3.0 V ± 10% (Notes 4, 7) 





(Note 8) 


5 


15 


mA 


Vdd = 5V±10%; (Notes 4, 6) 


IdD2 




500 


1500 


HA 


HALT mode; Vdd = 5 V ± 10% (Note 4) 




(Note 2) 


150 


450 


fiA 


HALT mode; Vdd = 3 V ± 10% 



(Notes 
2,5) 



30 



90 



IxA 



3V± 10% 



(Notes 
5.8) 



350 



1000 



juA Vdd = 5V±10% 



bD4 



(Notes 
2,5) 


5 


15 


^A 


HALT mode; Vdd - 3 V ± 10% 


(Notes 
5,8) 


35 


100 


fxA 


HALT mode Vdd = 5 V ±10% 




0.5 


20 


fiA 


STOP mode; XT1 = V; Vdd = 5.0 V ± 10% 


(Note 2) 


0.1 


10 


fiA 


STOP mode; XT1 = V; Vdd = 3.0 V ± 10% 



(Note 2) 0.1 



juA STOP mode; XT1 = V; Vdd = 3.0 V : 
Ta = 25°C 



10%; 



Notes: 

(1) Vdd = 4.5 to 6.0 V for 7500x and Vdd = 4.5 to 5.5 V for 75P008. 

(2) For 7500X only. 

(3) Does not include pull-up resistor current. 

(4) 4.19 IVIHz crystal oscillator; CI = 02 = 22 pR 



(5) 32.768 kHz crystal oscillator. 

(6) When operated in the high-speed mode with the processor clock 
control register (PCC) set to 0011. 

(7) When operated in the low-speed mode with the PCC set to 0000. 

(8) For 75P008 only. 
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DC Characteristics 



Idd vs Vdd (Crystal Oscillator at 4.19 MHz) 
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Note: Values of Iqd are about 10% 
larger using a ceramic oscillator 
as compared to a crystal oscillator. 
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DC Characteristics (cont) 



Idd vs Vdd (Ceramic Oscillator at 2.00 MHz) 
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DC Characteristics (cont) 



lOLVS Vol (Ports 0, 2, 6, 7) 
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DC Characteristics (cont) 
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AC Characteristics 

jtiPD7500x: Ta = -40 to +85°C, Vqd = 2.7 to 6.0 V 
jaPD75P008: Ta = -10 to +70°C, Vqd = 4.5 to 5.5 V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Cycle time 


tCY 


0.95 




64 


JUS 


Main system clock (Note 2) 


(Note 1) 


3.8 


(Note 3) 


64 


JUS 


Main system clock; Wqq = 2.7 to 6.0 V 




114 


122 


125 


JUS 


Subsystem clock 


TIO input frequency 


^Tl 







1 


MHz 


(Note 2) 







(Note 3) 


275 


kHz 


Vdd = 2.7 to 6.0 V 


TIO input low- and high-level width 


t|H. t,L 


Q.48 






JUS 


(Note 2) 




1.8 


(Note 3) 




JUS 


Vdd = 2.7 to 6.0 V 


Interrupt inputs 


t|NTH. *INTL 


(Note 4) 






JUS 


INTO 


low- and high-level width 


10 






^s 


INT1, INT2, INT4 




10 






JUS 


KR0-KR7 


RESET low-level width 


*RSL 


10 






JUS 





Notes: 



(1) Cycle time (minimum instruction execution time) is determined 
by the frequency of the oscillator connected to the microcom- 
puter, system clock control register (SCC), and the processor 
clock control (FCC). 



(4) 2tcY or 128/fx, depending on the setting of the interrupt mode 
register (IMO). 



(2) Vdd = 4.5 to 6.0 V for 7500x and Vdd ' 

(3) For 7500X only 



4.5to5.5Vfor75P008. 



4-16 



HEC 



pPD7500x/75P008 



Figures, 


Guaranteed Operating fkinge 


























70 

64 
60 

7 

6 

5 

4 

I 3 

P 

o 2 

1 

0.5 
( 


^PD7500X 


70 

64 
60 

7 

6 

5 

4 

I 3 

<D 2 

1 
< 

S 0.5 

7 ( 


HPD75P008 




_ 














_ 


















^ 












m 


mi 




r ^ 


^ ^ 


h Y 


r 4^ ^ 


^ 5^ 


^ ^ 


:^ ^ 5^ ?^ ^ ^iHlil^^ ^ 


























M 














Guar 


anteed 
atlng ~ 

9 










G 


uarantee 

operatin 

ran( 


d 


M 














oper 
rang 












g 

e 














\ 


































i 












\ 



















W 














\ 


\ 
















Wi 
















\ 




















































































































































) 1 2 3 4 5 6" 
Power Supply Voltage Vdd(V) 


) 1 2 3 4 5 6 7 
Power Supply Voltage V^q (V) 





4-17 



fiPD7500x/75P008 



Serial Transfer Operation 

2-line/3-line Serial I/O mode (SCK... internal clock output) 
jiiPD7500x: Ta = -40 to +85°C, Vqd = 2.7 to 6.0 V 
juPD75P008: Ta = -10 to +70°C, Vqd = 4.5 to 5.5 V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


^KCYI 


1600 






ns 


(Notel) 




S800 


(Note 2) 




ns 


Vdd = 2.7 to 6.0 V 


SCK low- and high-level width 


*KL1. tKH1 


0-5tKCY-50 






ns 


(Notel) 




o.stKcr-iso 


(Note 2) 




ns 


Vdd = 2.7 to 6.0 V 


SI vs. SCK T setup time 


*SIK1 


150 






ns 




SI vs. SCK t hold time 


^Ksn 


400 






ns 




SCK i -»• SO output delay time 


*KS01 






250 


ns 


(Note 1) 


(Notes) 




(Note 2) 


1000 


ns 


Vdd = 2.7 to 6.0 V 



Serial Transfer Operation 

2-line/3-line Serial I/O mode (SCK... external clock output) 
jttPD7500x: Ta = -40 to +85°C, Vdd = 2.7 to 6.0 V 
juPD75P008: Ta = -10 to +70°C, Vdd = 4.5 to 5.5 V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY2 


800 






ns 


(Note 1) 




3200 


(Note 2) 




ns 


Vdd = 2.7 to 6.0 V 


SCK low- and high-level width 


tKL2. *KH2 


400 






ns 


(Note 1) 




1600 


(Note 2) 




ns 


Vdd = 2.7 to 6.0 V 


SI vs. SCK t setup time 


%IK2 


100 






ns 




SI vs. SCK T hold time 


*KSI2 


400 






ns 




SCK i -* SO output delay time 


tKS02 






300 


ns 


(Note 1) 


(Note 3) 




(Note 2) 


1000 


ns 


Vdd = 2.7 to 6.0 V 



Notes: 

(1) Vdd = 4.5 to 6.0 V for 7500x and Vdd = 4.5 to 5.5 V for 75P008. 

(2) For 7500X only. 

(3) The rising edge of the output delay time must be less than 600 ns. 
For example, if SBO and SB1 are pulled up with 5 kQ resistors, the 
total capacitance of the serial bus line must be no greater than 
120 pF. 
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SBIMode 

SCK... Internal clock output (master) 

jaPD7500x: Ta = -40 to +85°C, Vqd = 2.7 to 6.0 V 

jaPD75P008: Ta = -10 to +70°C, Vdd = 4.5 to 5.5 V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY3 


1600 






ns 


(Notel) 




3800 


(Note 2) 




ns 


Vdd = 2.7 to 6.0 V 


SCK low- and high-level width 


*KL3. 
*KH3 


d.5tKCY3-50 






ns 


(Notel) 




0-5tKCY3-150 


(Note 2) 




ns 


Vdd = 2.7 to 6.0 V 


SBO, SB1 vs. gUR T setup time 


^SIK3 


150 






ns 




SBO.SB! vs. SCK T hold time 


*KSI3 


0.5tKCY3 






ns 




SCK i -* SBO, SB1 output delay time 


*KS03 







250 


ns 


(Note 1) 







(Note 2) 


1000 ; 


ns 


Vdd = 2.7 to 6.0 V 


SCKT-^SB0,SB1i 


kSB 


tKCY3 






ns 




SBO.SBU-^S^i 


tSBK 


VCYS 






ns 




SBO, SB1 low-level width 


tSBL 


tKCY3 






ns 




SBO, SB1 high-level width 


*SBH 


VCY3 






ns 





SBI Mode 

SCK...external clock output (slave) 

jttPD7500x: Ta = -40 to -l-85''C, Vdd = 2.7 to 6.0 V 

juPD75P008: Ta = -10 to -H70°C, Vdd = 4.5 to 5.5 V 



Notes: 

(1) Vdd = 4.5 to 6.0 V for 7500x and Vdd = 4.5 to 5.5 V for 

(2) For 7500X only. 



75P008. 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


W5Y4 


800 






ns 


(Notel) 




3200 


(Note 2) 




ns 


Vdd = 2.7 to 6.0 V 


SCK low and high level width 


kL4. 
kH4 


400 






ns 


(Note 1) 




1600 


(Note 2) 




ns 


Vdd = 2.7 to 6.0 V 


SBO, SB1 vs. SCK T setup time 


*SIK4 


100 






ns 




SBO, SB1 vs. 6CKT hold time 


ksw 


0.5tKCY4 






ns 




SCK i -* SBO, SBI output delay time 


tKS04 







300 


ns 


(Notel) 







(Note 2) 


1000 


ns 


Vdd ^2.7 to 6.0 V 


SCKT-»SBO, SBIi 


*KSB 


tKCY4 






ns 




SBO, SBI 4-*SCKi 


*SBK 


kCY4 






ns 




SBO, SBI low-level width 


*SBL 


*KCY4 






ns 




SBO, SBI high-level width 


*SBH 


tKCY4 






ns 





4-19 



fiPD750Qx/75P008 



HEC 



Data Memory STOP Mode Low Voltage Data Retention Characteristics 

jttPD7500x: Ta = -40 to +85**C 
jiiPD75P008: Ta = -10 to +70**C 



Parameter 




Symbol 


Min 


TVP 


Max 


Unit 


Coriditions 


Data retention voltage 




VdddR 


2.0 




(Note!) 


V 




Data retention current (Note 2) 




'dddr 




0.1 


10 


mA 


VddDR = 2.0V 


Release signal SET time 




*SREL 









jttS 




Oscillation stabilization time (Note 


3) 


tWAIT 




2l7/f^ 




s 


Release by RESET input 






(Note 3) 




ms 


Release by interrupt request 



Notes: 

(1) Max = 6.0 V for 7500x and 5.5 V for 75P008. 

(2) Pull-up resistor current, comparator circuit current, and powsr- 
on-reset current is not included in this table. 

(3) Oscillation stabilization WAIT time is tlie time during which the 
CPU is stopped to prevent unstable operation when the oscilla- 
tion Is started. WAIT time depends on the resonator vendor^ 
specifications. The wait time generated by the chip should be ^ 
vendor's spec and the setting of the basic interval timer mode 
register (BTM) according to the following table: 

DC Programming Characteristics (For 75P008 oniy) 



BTM3 BTM2 BTM1 BTMO WAIT time (fxx = 4.19 MHz) 

-000 220/fxx (approx 250 ms) 

-Oil 2l7/fjoj (approx 31 .3 ms) 

-10 1 2l5/fxx (approx 7.82 ms) 

-111 2l3/fxx (approx 1.95 ms) 



Ta = 25 ±5°C; Vqd = 6.0 ±0.25 V; Vpp = 


12.5 ±0.3 V; Vss = OV 








Parameter 


Symbol 


MIn Typ 


Max 


Unit 


Conditions 


High-level input voltage 


V,H1 


0.7Vdd 


Vdd 


V 


All except XI, X2 




V,H2 


Vdd-0.5 


Vdd 


V 


XI, X2 


Low-level input voltage 


V|L1 





0.3Vdd 


V 


All except XI, X2 




V,L2 





0.4 


V 


XI. X2 


Input leakage current 


Ili 




10 


M 


V|N = V,LorV,H 


High-level output voltage 


VOH 


Vdd-1.0 




V 


Iqh = -1 nriA 


Low-level output voltage 


Vol 




0.4 


V 


loL = 1-6 mA 


Vdd supply current 


bo 




30 


mA 




Vpp supply current 


Ipp 




30 


mA 


MDO = V|l;MD1 = V,h 



Notes: 

(1) Vpp must not exceed +13.5 V, including over shoot. 

(2) Vdd n^ust be applied before Vpp and is turned off after Vpp is 
removed. 
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AC Programming Characteristics (For 75P008 only) 

Ta = 25 ± 5°C; Vdd = 6.0 ± 0.25 V; Vpp = 12.5 ± 0.3 V; Vgs = V 


Parameter 


Symbol 


(Note 1) 


Min 


Max 


Unit 


Conditions 


Address setup time (Note 2) 


tAS 


tAS 


2 




jUS 




MD1 to MDO i setup 


tM1S 


tOES 


2 




JUS 




Data to MDO i setup 


tDS 


tDS 


2 




fXS 




Address hold from MDO T (Note 2) 


tAH 


tAH 


2 




jUS 




Data hold from MDO t 


tDH 


tDH 


2 




jUS 




Data output float delay from MDO T 


tDF 


tDF 





130 


ns 




Vpp setup to MD3 t 


Vps 


tvps 


2 




fXS 




Vdd setup to MD3 1 


Vds 


tvcs 


2 




fiS 




Initialized program pulse width 


tpw 


tpw 


0.95 


1.05 


ms 




Additional program pulse width 


tOPW 


tOPW 


0.95 


21 


ms 




MDO setup to MD1 t 


tMOS 


tCES 


2 




MS 




Data output delay from MDO 4 


tDV 


tov 




1 


fiS 


MDO = MD1 = V,L 


MD1 hold to MDO t 


tM1H 


tOEH 


2 




ixs 


tMIH + tMIR 2: 50 ^S 


MD1 recovery from MDO i 


tM1R 


tOR 


2 




(XS 


tMiH + tM1R ^ 50 ^S 


Program counter reset 


tpCR 




10 




jttS 




X1 input low- and high-level width 


tXH. tXL 




0.125 




ixs 




X1 input frequency 


fx 






4.19 


MHz 




Initial mode set 


t| 




2 




IXS 




MD3 setup to MD1 t 


tM3S 




2 




IXS 




MD3 hold from MD1 i 


tM3H 




2 




fXS 





MD3 setup to MDO i 


tM3SR 




2 




fXS 


Data delay from address (Note 2) 


tDAD 


tACC 


2 




fXS 


Data output hold from address (Note 2) 


tHAD 


tOH 





130 


ns 


MD3 output hold from MDO T 


tMSHR 




2 




IXS 



Data output float delay from MD3 i 



tDFR 



IXS 



During program read cycle 



Notes: 

(1) These symbols correspond to those of the juPD27C256 EPROM. 

(2) The internal address signal is incremented by the rising edge of 
the fourth X1 pulse; It is not connected to an external pin. 
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Timing Waveforms 

AC Timing Measuirements Points 
(Except XI andXTI) 



TiO Timing 




Ciocic Timing 



-tXL- 



■* tXH *■ 



X1 Input 



^ i / '^■^•"■^^aJo.v 



-tXTL- 



-tXTH- 



XT1 Input 



•\ [ f ^■<>^^%,, 
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Serial Transfer Timing 



Serial I/O Mode (3-Line) 



Serial I/O Mode (2-Line) 



SCK 



N> Y H 



tKS01- 



-^KCYI- 



-tKL1- 



tsiKI^ 



A 5i. 

^ Input Data ^ 



SB0.SB1 



X 



■^KCY2- 



^tKL2-^ 



■*-^KH2-> 



> : r 



^KS02 



Output Data 



X 



SBI Mode Bus Release Signal Transfer Timing 



SCK 



^KSB 



^SBH^ 



\jr\_^^ 



%BK 



.^KL3.4. 



-tKCY3.4- 



.^KH3A 



p^.KS«,4* 

>CZZJC 



-tKS03,4 



SBI Mode Command Signal Transfer Timing 

*KCY3.4- 



.^KL3.4^ 



JKH3,4^ 



tlj^^^^ 



. ^KSB , 



■ ^SBK. 



SBO.SBI 



1 C 



^SIK3,4 



KSI3,4- 



y. r 



-tKS03,4 
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interrupt Input Timing 



RESET input Timing 



INT0.1 .2,4 
KRO-7 



H r \ 



MNTH- 




Data Retention Timing 



A. STOP mode is released by RESET input 



Internal reset 
operation 



Vdd 





< s$ 




— — ► 




1 
. 1 1 


^ Operation 




c 


Vdddr 


J 






mode 


i 

Execu 
STOP in 


tion of 
struction 




\ — ^ 

REL-* 


















r 





B. STOP mode is released by interrupt Signal 



< s^ 



Execution of 
STOP instruction 



Standby reiease signai 
(Interrupt request) 



- STOP mode 

- Data retention mode ■ 



t ^^ 



^DDDR 



HALT mode 



.tSREL. 



/ 



jwAn^ 



Operation 
' mode 
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Program Memory Write/Vsrify Timing (/uPD75P008) 



Vnn ? 



Vnn +1 



Vdd— ^ 



P40-P43 . 
P50-P53 



*-Wds 



MDO 



/ 



TCR- 






Wps 



">r 



-^5- 




a 



^XL 



^ Datelnput ^ j^ CXi^M ^^ ^^ 1^ Data Output ^[ 



^DF^ 



'DS 



*M1R 



/ 



ipW 



1 r 



-^f- 



-( Data Output V^^ 



V_/ 



-$f 



V 



n 
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Program Memory Read Timing (/uPDTSPOOS) 



VdD- 



^DD 



y 



P40-P43 . 
P50-P53 



-^tvps 



■/ 



MD1 — 
*PCR- 



■J 



^<r 



^VDS 



aaaAaaaaaaa 



^XL 



^DAD 

'had 



< 



Data Output 



I 



Data Output 



X 



-%- 



^M3HR- 



1 



y 



■^<r 



f 



\ 
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PPD75028/75P036 
General-Purpose 4-Bit Microcomputers 

Witii A/D Converter 



Description 

The jLiPD75028/P036 are high-performance single-chip 
CMOS microcomputers containing CPU, ROM, RAM, I/O 
ports, several timer/counters, A/D converter, vectored 
interrupts, subsystem clock, and serial interface. 

The instruction set allows the user to manipulate RAM 
data and I/O ports in 1-, 4-, and 8-bit units. The devices 
are Ideally suited for controlling VCRs, telephones, and 
meters. 

Features 

n 103 instructions 

— Bit manipulation 

— 4-blt and 8-bit transfer 

— GETl instruction, to convert one 2-byte or two 
1-byte instructions into a single 1-byte 
instruction 

— 1-byte relative branch 

a Fast execution time (@ 4.19 MHz) 

— High-speed cycle: 0.95 /is 

— Lower-voltage cycles: 1.91 and 15.3 /iS 

n 8064 bytes of program ROM: /iPD75028 

n 16256 bytes of program ROM: /iPD75P036 

□ 512x4bitsof RAM/iPD75028 

n 1024 X 4 bits of RAM /iPD75P036 

° Bit sequential buffer 

— 16-blt, bit manipulation memory 

° Eight 4-bit registers 

n Accumulators 

— 1-bit (CY) 

— 4-bit (A) 

— 8-blt(XA) 

n 40 I/O lines 

— 12 N-channel open drain; can withstand 10 V 
— 12 outputs directly drive LEDs 

D 8 input-only lines 

° One external event input 



D Four timers 

— 8-bit basic interval timer 

— 8-bit timer/event counter 

— 14-bit watch timer 

— 16-blt multifunction timer/event counter which 
can be used as an 8-blt timer/event counter, 
PWM output, 16-bit free-running timer, or 16-bit 
counter for an integrating A/D converter 

° A/D converter 

— 8-channel, 8-bit 

— Reference voltage can be between AVref+ and 
AVref- 

° Four zero cross detection pins 

n 8-bit serial interface 

— SBI mode 

— 2- or 3-wire mode: data transfer can be full 
duplex or receive only, and can be MSB or LSB 
first 

D Vectored interrupts 

—Three external interrupts 

— Four internal interrupts 

— Nine inputs which each generate one interrupt 
request 

° Standby modes 

— HALT mode: stops CPU only 

— STOP mode: stops main clock generator 

n Operates with oscillator or ceramic resonator 

D OTP version: /iPD75P036 
— 16256 bytes of program ROM 
— 1024 x 4 bits of RAM 

n CMOS operation, with Vqd from 2.7 to 6.0 V 



Ordering Information 






Part Number 


Package Type 


ROM 


//PD75028CW-XXX 


64-pin plastic SDIP 


Mask ROM 


A/PD75028GC-XXX-AB8 


64-pin plastic QFP 


Mask ROM 


/iPD75P036CW-xxx 


64-pin plastic SDIP 


DTP 


/iPD75P036GC-xxx-AB8 


64-pin plastic QFP 


DTP 



Notes: 

(1) XXX indicates ROM code 
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Pin Configurations 
64'Pin Shrink DIP 













SBI/SI/PO3 c 


1 


\J 64 


HVss 


SBO/SO/PO2 c 


2 


63 


1 P3o(MDO) 




SCK/POi C 


3 


62 


DP3i(MD1) 




INT4/P00 C 


4 


61 


3 P32(MD2) 




BUZ/P23 c 


5 


60 


::: p33(md3) 




PCL/P22C 


6 


59 


DP4o 




PPO/P21 C 


7 


58 


DP4i 




PTOo/P2o C 


8 


57 


DP42 




MAT/PIO3 c 


9 


56 


1P43 




MAZ/PIO2 C 


10 


55 


lP5o 




MAi/P10i C 


11 


54 


DP5i 




MAR/PIO0 C 


12 


53 


DP52 




RESET C 


13 


52 


:]P53 




X1C 


14 


51 


D P60/KRO 




X2C 


15 


50 


D P61/KRI 




IC(Vpp)C 


16 


49 


3 P62/KR2 




XT1 C 


17 


48 


DP63/KR3 




XT2 E 


18 


47 


U P7o/KR4 




VddC 


19 


46 


3 P71/KR5 




AVddC 


20 


45 


3 P72/KR6 




AVref^. C 


21 


44 


3 P73/KR7 




AVreF- C 


22 


43 


3P8o 




AN7C: 


23 


42 


3 P81 




AN6C: 


24 


41 


IP82 




AN5C 


25 


40 


3P83 




AN4C 


28 


39 


DP9o 




AN3/PII3C 


27 


38 


1P91 




AN2/PII2C: 


28 


37 


DP92 




ANI/PII1 C 


29 


36 


1 P93 




ANO/PHqC 


30 


35 


3 PlQ/INTO 




AVssC 


31 


34 


3 PI1/INTI 




T10/PI3 c 


32 


33 


3 Pl2/iNT2 




IC: Should be connected to 


Vdd 






Used as Vpp programming pin in 


HPD75P036. 


83RD-6622A 
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e4-Pinaan> 





CLQ.Q.Q.QLQ.a.Q.Q.O.a.CLQ.a.Q.Q. 








nnnnnnnnnnnnnnnn 






P43C 


64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 
2 ^ 47 


IIP90 




P42C 


DP91 






P4iC 


3 46 


DP92 






P4oC 


4 45 


DP93 






P33(MD3) C 


5 44 


D PIq/INTO 






P32(MD2) C 


6 43 


DPI1/INTI 






P3i(MD1) C 


7 42 


DPI2/INT2 






P3o(MDO) C 


8 41 IITIO/PI3 






VssC 


9 40 


lAVss 






SBI/SI/PO3 C 


10 39 


DANO/PIIq 






SBO/SQ/PO2 c 


11 38lAN1/P11i 






SCK/PO1 c 


12 37 I3AN2/P112 






INT4/PO0 c 


13 36 


1AN3/P113 






BUZ^P23 E 


14 35 D AN4 






PCUP22 C 


15 34 


D AN5 






PPQ/P21 C 


16 33 D AN6 
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 






uuuuuuuuuuuuuuuu 






m°i 


^ 53 




IC: 


Should be connected to Vqq. Used as Vpp programming pin in nPD75P036. 


83RD-6623B 
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Pin Identification 



Symbor 


Function 


AN4-AN7 


Inputs for A/D converter 


aVdd 


A/D converter positive power supply 


AVss 


A/D converter ground 


AVref+ 
AVref- 


A/D converter reference voltages 


IC(Vpp) 


Internally connected 
(VppforjttPD75P036) 


P00/INT4 


Port Input; Interrupt 4 


P0i/5CK 


Port input, serial clock 


P02/SO/SBO 


Port Input; serial out; serial Interface 


P03/SI/SB1 


Port input; serial In; serial interface 


P10/INTO 


Port 1 Input; Interrupt 


P11/INT1 


Port 1 input; interrupt 1 


P12/INT2 


Porti Input; Interrupt 2 


P13/TI0 


Port 1 input; timer input 


P2o/PTOo 


Port 2 I/O; timer/event counter output 


P2i/PP0 


Port 2 I/O; multifunction timer output 


P22/PCL 


Port 2 I/O; clock output 


P23/BUZ 


Port 2 I/O; buzzer output 


P30-P33 


Port 3 I/O 


PVP43 


Port 4 I/O 


P50-P53 


Port 5 I/O 


P60/KRO 


Port 6 I/O; key scan input 


P61/KRI 


Port 6 I/O; key scan input 1 


P62/KR2 


Port 6 I/O; key scan input 2 


P63/KR3 


Port 6 I/O; key scan input 3 


P7o/KR4 


Port 7 I/O; key scan Input 4 


P7i/KR5 


Port 7 I/O; key scan Input 5 


P72/KR6 


Port 7 I/O; key scan input 6 


P73/KR7 


Port 7 I/O; key scan input 7 


P80-P83 


Port 8 I/O 


P90-P93 


Port 9 I/O 


PIO0/MAR 


Port 10 I/O; multifunction timer/event counter 
output 


P10i/M^ 


Port 10 I/O; multifunction timer/event counter 
output 


PIOa/K^ 


Port 10 I/O; multifunction timer/event counter 
output 


PIO3/ROT 


Port 10 I/O; multifunction timer/event counter 
input 


PII0/ARO 


Port 11 Input; A/D converter input 


piii/aRT 


Port 11 Input; A/D converter input 1 


P1l2/?fFi2 


Port 11 input; A/D converter input 2 



Symbol 


Function 


PII3/AN3 


Port 11 input; A/D converter input 3 


F[iSET 


Reset input 


XI, X2 


Main clock inputs 


XT1,XT2 


Subsystem clock inputs 


Vdd 


Positive power supply 


Vss 


Ground 



PIN FUNCTIONS 

PO0/INT4, PO1/SCK, PO2/SO/SBO, PO3/SI/SBI 

These pins can be used as 4-bit input port 0. Or, POq can 
also be used for vectored interrupt 4, whicii interrupts on 
eitiier tlie leading edge or the trailing edge of the signal. 
POrPOs may also be used for the serial interface in the 
SBI or 2- or 3-wire mod e. SI is the serial input, SO is the 
serial output, and SCK is the serial clock. Reset causes 
these pins to default to the Port input mode. 

PI0/INTO, PI1/INTI, PI2/INT2, PI3/TIO 

These pins can be used as 4-bit input port 1. Or, PIq and 
PI1 can also be used for edge-triggered interrupts INTO 
and INT1. PI2 can be used for INT2, which is also an 
edge-triggered input, but one which generates an inter- 
rupt request and does not cause an interrupt. PI 3 can be 
used as an input clock to the timer/event counter to 
count external events. Reset causes these pins to de- 
fault to the Port 1 input mode. 

P2o/PTOO, P2i/PP0, P22/PCL, P23/BUZ 

These pins can be used as 4-bit I/O port 2. When used as 
an output the data is latched. When used as an input 
port, the port outputs are three-state. P2o can also be 
used as the output of the timer/event counter flip flop 
(TOUT); P2i can also be used as the output for the 
multifunction timer/event counter T flip flop; P22 can be 
used as the output (POL) for the clock generator; and 
P23 can be used to output square waves for a buzzer. 
Reset causes these pins to default to the Port 2 input 
mode. 

P30-P33 

These pins are used for I/O port 3. Each bit in this port 
can be independently programmed to be either an input 
or an output. This port has latched outputs, and can 
directly drive LEDs. A reset signal causes this port to 
default to the input mode. 
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P4o-P43,.P5o-P53 

Port 4 and 5 are identical 4-bit I/O ports which can be 
combined together to function as a single 8-bit port. 
Latched outputs will directly drive LEDs. Outputs are 
N-channel open drain, and can withstand up to 10 volts; 
pull-up resistor mask options are available for these 
ports. A reset signal causes these ports to default to the 
input mode. 

P60/KRO, P61/KRI, P62/KR2, P63/KR3 
P7o/KR4, P7i/KR5, P72/KR6, P73/KR7 

Ports 6 and 7 are 4-bit I/O ports with latched outputs. 
Each pin of port 6 can be independently programmed to 
be either an input or an output, while port 7 can be 
programmed to be either all inputs or all outputs. Alter- 
nately, these pins may be used to detect the falling edge 
of inputs KR0-KR3 (port 6) and KR4-KR7 (port 7). A reset 
signal causes these ports to default to the input mode. 

P80-P83, P9o-P93 

Ports 8 and 9 are identical 4-bit I/O ports. Outputs are 
latched. A reset signal causes these ports to default to 
the input mode. 

PIO0/MAR, P10i/MAf, PIO2/RCBS, P103/MAf 

These pins are used for I/O port 10. Outputs are N- 
channel open drain which can with stand upt o 10 volts. 
PIO0-PIO2 can also be used as the MAR, MAI, and MAZ 
outputs from the multifunction timer/event co unter 's A/D 
control logic. PIO3 can be used as the input MAT to the 
multifunction timer/event counter's A/D control logic. A 
reset signal causes this port to default to the input mode. 

PII0/ANO, PII1/ANI, PII2/AN2, PII3/AN3 

These pins are used for I/O port 11, or can alternately be 
used as A/D converter inputs AN0-AN3. A reset signal 
causes this port to default to the input mode. 



AN4-AN7 

A/D converter inputs AN4-AN7. 

avdd 

A/D converter positive power supply 

AVss 

A/D converter analog ground. 

AVref+.AVref- 

A/D converter positive and negative reference voltages. 

IC/Vpp 

This pin should be connected to Vqd when using the 
MPD75028. For the mPD75P036, this pin is used as the 
programming voltage input during the EPROM write/ 
verify cycles. When the device is not being programmed, 
this pin should be tied to Vdd- 

X1,X2 

These pins are the main system clock inputs. The clock 
can be either a ceramic resonator or a crystal; an 
external logic signal may also be used. 

XT1,XT2 

These pins are the subsystem clock inputs. The clock 
can be either a ceramic resonator or a crystal; an 
external logic signal may also be used. 



RESET 

This is the reset input, and it is active low. 

Vdd 

The system positive power supply pin. 

Vss 

System ground. 
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Block Diagram 



Basic 
interval 
Timer 



O 



INTBT 



TIO/PI3 < 
PTO0/P20 < 



BUZ^P23 < 



Si/SB1/P03 

SO/SBO/PO2 

SCK/PO1 



Timer/Event /"-N 
Counter \n/ 



Watch 
Timer 



O 



Clocked 

Serial 

Interface 



INTO/PI0 o- 
INTI/PI1 o- 
INT2/PI2 o- 
INTA/POq o- 
KR0-KR3/ 

P6o-P63,_^, 

KR4-KR7/I _> 

P70-P73 ^ 



O 



interrupt 
Control 



O 



avdd 

AVREF+ 

AVreF- 

AVss 

AN0-AN3/ 

PII0-PII3 

AN4-AN7 



o 



A/D 
Converter 



O 



MAWP^OQ 

MAi/P10i 
MAZ/PIO2 
MAt/P103' 

PPO/P2 



Multi- 
function 
Timer 



O 




Program 
Memory 
(ROM) 

8064 X 8 Bits 
(18256x8 Bits/ 



Decode 

and 
Control 



General 
Register 



Data Memory 

(RAM) 
512x4 Bits 

(1024x4 Bits)* 



O 



\7 



\~J Sequential 
^^^ Buffer(16) 



c 



(^ Porti (X]PVP13 



O ^""^^ sX> P20-P23 



(^ Ports (y> P30-P33 



O P°^t4 (Y> P40-P43 



Porto ^O PO0-PO3 



():[> Port 5 (V> P50-P53 



O Port 6 (y>P6o-P63 



O P°'^7 <V>P7o-P73 



^^ Port 8 ^^ P80-P83 



(0:|> Ports (4^ P90-P93 



^^ Port 10 ^4^ PIO0-PIO3 
<)Zlport1l|<Xl PII0-PII3 



fx/2'^ 



aock 
Output 
Control 



T" 

PCL/P22 



aock 
Divider 



System Clock 
Generator 



Sub 



Main 



Stand By 
Control 



TTTT 

XT1 XT2 XI X2 



t 1J_ 1 

VdD Vss reset IC(Vpp) 



Applies to HPD75P036 
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Specifications 




ROM 


8064 bytes {iiPD7502B) 




16256 bytes (|4PD75P036) 


RAM 


512x4bit8(|[&PD75028) 




1024x4blts(|»PD75P036) 


General-purpose registers 


4bltsx8or8bltsx4 


Instruction cycle 


0.95 ^/1.91 jus/15.3 jus (with main 
system clock operating at 4.19 MHz) 




122 jKS (with subsystem clock 
operating at 32 kHz) 



I/O ports 



A/D converter 



48 total lines. Tliere are 12 N-cliannel 
open-drain I/O ports, each tolerating 
as much as 10 volts. Pull-up resistor 
mask-option is available in the 
juPD75028 only. The remaining 36 lines 
are standard CMOS, including 12 
input ports and 24 I/O ports. Of these, 
27 have software-selectable pullup 
resistors, and four have software- 
selectable pulldown resistors. 



8-bit x8-channel 



Low voltage operation possible 
(Vdd « 2.7 to 6.0 V) 



Timer/Counter 


Three timers. These include an 8-bit 
timer/event counter, an 8-bit basic 
interval timer, and a clock timer. 


Multifunction timer 


This can be used as an 8-bit timer/ 
event couriter, PWM output, 16-bit 
free-running timer, or 16-blt counter for 
an integrating A/D converter. 


Serial interface 


NEC standard serial bus Interface 
(SBI) 




Clock serial interface 


External interrupts 


Three vector interrupts, one test input 


internal interrupts 


Four vector interrupts, one test Input 


Bit sequential buffer 


16-bit on-chip 


Clock output (PCg 


CPU clock <l>: 524 kHz, 262 kHz. 65.6 
kHz (with main system clock operating 
at 4.19 MHz) 


Buzzer output (BUZ) 


2 kHz, 4 kHz, 32 kHz (with subsystem 
clock operating at 32.768 kHz) 


Package 


64-pin plastic shrink DIP (750 mil) 




64-pln plastic QFP (14 x 14 mm) 


Operating voltage 


Vdd -2.7 to 6.0 V 
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fiPD75048/75P056 

General-Purpose 4-Bit Microcomputers 

With EEPROIM and A/D Converter 



Description 

The /iPD75048 Is a single-chip CMOS microcomputer 
containing CPU, ROM, EEPROM, RAM, I/O ports, sev- 
eral timer/counters, A/D converter, vectored Interrupts, 
subsystem clock, and serial interface. 

The Instruction set allows the user to manipulate RAM 
data and I/O ports In 1-, 4-, and 8-blt units. The devices 
are ideally suited for controlling devices which require 
EEPROM, such as meters requiring individual calibra- 
tion. 

Features 

° 103 instructions 

— Bit manipulation 

— 4-bit and 8-bit transfer 

— GETI instruction, to convert one 2-byte or two 
1-byte instructions into a single 1-byte 
instruction 

— 1-byte relative branch Instruction 

D Fast execution time (@ 4.19 MHz) 

— High-speed cycle: 0.95 /is 

— Lower-voltage cycles: 1.91 and 15.3 /iS 

D 8064 bytes of program ROM: /iPD75048 

D 16256 bytes of program ROM: jl/PD75P056 

n 1024x4 bits of EEPROM 

D 512x4 bits of RAM 
—Allows operation on 1, 4, or 8 bits 

° Bit sequential buffer 

— 16-blt, bit manipulation memory 

D Eight 4-bit registers 

D Accumulators 

— 1-bit (CY) 

— 4-bit (A) 

— 8-bit (XA) 

n 48 I/O lines 
— 12 N-channel open drain; can withstand 10 V 
— 12 outputs directly drive LEDs 
—43 lines can have an on-chip pull up/pulldown 
resistor 

D One external event input 



a Four timers 

— 8-bit basic interval timer 

— 8-blt timer/event counter 

— 14-blt watch timer 

— 16-blt multifunction timer/event counter which 
can be used as an 8-blt timer/event counter, 
PWM output, 16-blt free-running timer, or 16-blt 
counter for an integrating A/D converter 

D A/D converter 

— 8-channel, 8-bit 

D Four zero cross detection pins 

° 8-blt serial Interface 
— SBI mode 
—2- or 3-wlre mode: data transfer can be full 

duplex or receive only, and can be MSB or LSB 

first 

D Vectored interrupts 
—Three external Interrupts 

— Four Internal Interrupts 

— Nine inputs which each generate one interrupt 
request 

n Standby modes 

— HALT mode: stops CPU only 

—STOP mode: stops main clock generator 

n Operates with oscillator or ceramic resonator 

n OTP version: /iPD75P056 

° CMOS operation, with Vqd from 2.7 to 6.0 V 



Ordering Information 


1 




Part Number 


Package Type 


ROM 


/iPD75048CW.Xxx 


64-pln plastic SDIP 


Mask ROM 


/iPD75048GC-xxx-AB8 


64-pin plastic QFP 


Mask ROM 


/iPD75P056CW* 


64.pln plastic SDIP 


OTP 


/iPD75P056GC-AB8* 


64-pin plastic QFP 


OTP 



*Under Development 



4-35 



JIIPD75048/75P056 



NEC 



Pin Configurations 
64'PinSDIP 



SBI/SI/PO3 c 


1 


\J 64 


:]Vss 


SBO/SQ/PO2 c 


2 


63 


DP3o 


SCK/PO1 c 


3 


62 


DP3i 


INT4/P00 C 


4 


61 


DP32 


BUZ/P23C 


5 


60 


3P33 


PCL/P22C 


6 


59 


DP4o 


PP0/P21 C 


7 


58 


3 P41 


PTOo/P2o C 


8 


57 


::p42 


MAT/PIO3 c 


9 


56 


3 P43 


MAZ/PIO2 C 


10 


55 


3P5q 


MAi/P10i C 


11 


54 


DP5i 


MAR/PIO0 c 


12 


53 


DP52 


RESET C 


13 


52 


DP53 


X1C 


14 


51 


3 P60/KRO 


X2E 


15 


50 


3 P61/KRI 


IC(Vpp)E 


16 


49 


DP62/KR2 


XT1 C 


17 


48 


3 P63/KR3 


)CT2C 


18 


47 


3 P70/KR4 


vddi: 


19 


46 


3 P71/KR5 


AVddC 


20 


45 


3 P72/KR6 


AVref^-C 


21 


44 


3 P73/KR7 


AVref-C 


22 


43 


IPSO 


AN7|: 


23 


42 


DP81 


AN6C 


24 


41 


DP82 


AN5C 


25 


40 


U P83 


AN4C 


26 


39 


DP9o 


AN3/PII3C 


27 


38 


1P91 


AN2/PII2C: 


28 


37 


DP92 


ANI/PII1 C 


29 


36 


DP93 


ANO/PII0II 


30 


35 


3 PlQ/INTO 


AVss C 


31 


34 


D PI1/INTI 


TI0/PI3 c 


32 


33 


3 P12/INT2 


IC: Should be connected to 


Vdd- 


Used as Vp 


p program pin In ^PD75P056 




83Rb-6620A | 
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P43C: 


64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 
1 ^ 48 D P9o 


P42C 


2 ^ 47 


DP9i 




P4iC 


3 46 


DP92 




p4o[: 


4 45 


DP93 




P33 C 5 44 


DPlQ/INTO 




P32C 


6 


D PI 1/INTI 




P3i C 7 42 


3 PI2/INT2 




P3o C 8 41 


3 PI3/TIO 




Vss C 9 40 


DAVss 




SBI/SI/PO3 C 


10 39 


DANO/PIIo 




SB0/SCyP02C: 11 38 


DAN1/P111 




SCK/PO1 C 


12 37 


3AN2/P112 




INT4/PO0 C 


13 36 


DAN3/PII3 




BUZ/P23 C 


14 35 


3 AN4 




PCL/P22II 


15 34 


DAN5 




PPaP2i C 


16 33 
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 


3AN6 






UUUUUUUUUUUUUUUU 




c?f l'^-^ 
^ qI CL S" qI 

fiiiiii 


6 = »pSI|||S 




IC: Should be connected to Vdd. UsedasVpp programming pin in jiPD75P056 


83RD-6621B 
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Pin Identification 



Symbol 


Function 


POo/INT4 


Porto input; interrupt 4 


POi/$CK 


Port input; serial clock 


PO2/SO/SBO 


Port input; serial out; serial interface 


PO3/SI/SBI 


Port input; serial in; serial interface 


PI0/INTO 


Port 1 input; Interrupt 


PI1/INTI 


Port 1 input; interrupt 1 


PI2/INT2 


Port 1 input; interrupts 


PI3/TIO 


Port 1 input; timer input 


P2o/PTOO 


Port 2 I/O; timer/event counter output 


P2i/PP0 


Port 2 I/O; multifunction timer output 


P22/PCL 


Port 2 I/O; clock output 


P23/BUZ 


Port 2 I/O; buzzer output 


P30-P33 


Port 3 I/O 


P40-P43 


Port 4 I/O 



P50-P53 


Port 5 I/O 


P60/KRO 


Port 6 I/O; key scan input 


P61/KRI 


Port 6 I/O; key scan input 1 


P62/KR2 


Port 6 I/O; key scan input 2 


P63/KR3 


Port 6 I/O; key scan input 3 


P7o/KR4 


Port 7 I/O; key scan input 4 


P7i/KR5 


Port 7 I/O; key scan input 5 


P72/KR6 


Port 7 I/O; key scan input 6 



P73/KR7 


Port 7 I/O; key scan Input 7 


P80-P83 


Port 8 I/O 


P90-P93 


Port 9 I/O 


PIO0/MAR 


Port 10 I/O; multifunction timer/event counter 
output 


P10i/MAi 


Port 10 I/O; multifunction timer/event counter 
output 


PIO2/MAZ 


Port 10 I/O; multifunction timer/event counter 
output 


PIO3/ MAT 


Port 10 I/O; multifunction timer/event counter 
Input 


PII0/ANO 


Port 11 I/O; A/D converter input 


PII1/ANI 


Port 11 I/O; A/D converter input 1 


PII2/AN2 


Port 11 I/O; A/D converter input 2 


PII3/AN3 


Port 11 I/O; A/D converter input 3 


AN4-AN7 


A/D converter inputs 4-7 


AVdd 


A/D converter positive power supply 


AVss 


A/D converter ground 


AVrefh- 
AVref- 


A/D converter reference voltages 



Symbol 


Function 


IG(Vpp) 


Internally connected 

(Programming voltage for iaPD75P056) 


XI, X2 


Main clock inputs 


XT1,XT2 


Subsystem clock inputs 


RESET 


Reset input 


Vdd 


Positive power supply 


Vss 


Ground 



PIN FUNCTIONS 



PO0/INT4, PO1/SCK, PO2/SO/SBO, PO3/SI/SBI 

These pins can be used as 4-bit input port 0. Or, POq can 
also be used for vectored interrupt 4, whicfi interrupts on 
either the leading edge or the trailing edge of the signal. 
PO1-PO3 may also be used for the serial interface in the 
SBI or 2- or 3-wlre mod e. SI is the serial input, SO is the 
serial output, and SCK is the serial clock. Reset causes 
these pins to default to the port input mode. 

PI0/INTO, P1 1/INTI , PI2/INT2, PI3/TIO 

These pins can be used as 4-bit input port 1. Or, PI and 
P1 1 can also be used for edge-triggered interrupts INTO 
and INT1. PI2 can be used for INT2, which is also an 
edge-triggered Input, but one which generates an inter- 
rupt request and does not cause an interrupt. PI3 can be 
used as an Input clock to the timer/event counter to 
count external events. Reset causes these pins to de- 
fault to the port 1 input mode. 

P2o/PTOO, P2i/PP0, P22/PCL, P23/BUZ 

These pins can be used as 4-bit I/O port 2. When used as 
an output, the data is latched. When used as an input 
port, the port outputs are three-state. P2o can also be 
used as the output of the timer/event counter flip flop 
(TOUT); P2i can also be used as the output for the 
multifunction timer/event counter T flip flop; P22 can be 
used as the output (POL) of the clock generator; and P23 
can be used to output square waves for a buzzer. Reset 
causes these pins to default to the port 2 input mode. 

P30-P33 

These pins are used for I/O port 3. Each bit in this port 
can be independently programmed to be either an input 
or an output. This port has latched outputs, and can 
directly drive LEDs. A reset signal causes this port to 
default to the input mode. 
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P40-P43, P50-P53 

Port 4 and port 5 are identical 4-bit I/O ports which can 
be combined together to function as a single 8-bit port. 
Latched outputs will directly drive LEDs. Outputs are 
N-channel open drain, and can withstand up to 10 volts; 
pull up resistor mask options are available for these 
ports. A reset signal causes these ports to default to the 
input mode. 

PSq/KRO, P61/KRI, P62/KR2, P63/KR3 
P7o/KR4, P7i/KR5, P72/KR6, P73/KR7 

Ports 6 and 7 are 4-bit I/O ports with latched outputs. 
Each pin of port 6 can be independently programmed to 
be either an input or an output, while port 7 can be 
programmed to be either all inputs or all outputs. Alter- 
nately, these pins may be used to detect the falling edge 
of Inputs KR0-KR3 (port 6) and KR4-KR7 (port 7). A reset 
signal causes these ports to default to the Input mode. 

P80-P83, P90-P93 

Ports 8 and 9 are identical 4-bit I/O ports. Outputs are 
latched. A reset signal causes these ports to default to 
the input mode. 



PIO0/MAR, PIO1/MAI, PIO2/MAZ, PIO3/MAT 

These pins are used for I/O Port 10. Outputs are N- 
channel open drain which can withstand up t o 10 volts. 
PIO0-PIO2 can also be used as the MAR, MAI, and MAZ 
outputs from the multifunction timer/event co unter 's A/D 
control logic. PIO3 can be used as the input MAT to the 
multifunction timer/event counter's A/D control logic. A 
reset signal causes this port to default to the input mode. 

PII0/ANO, PII1/ANI, PII2/AN2, PII3/AN3 

These pins are used for I/O Port 1 1, or can alternately be 
used as A/D converter inputs AN0-AN3. A reset signal 
causes this port to default to the input mode. 

AN4-AN7 

A/D converter inputs AN4-AN7. 



AVdd 

A/D converter positive power supply 

AVss 

A/D converter analog ground. 

AVref + ,AVref- 

A/D converter positive and negative reference voltages. 

IC/Vpp 

This pin should be connected to Vpo when using the 
jaPD75048. For the /iPD75P056, this pin is used as the 
programming voltage Input during the EPROM write/ 
verify cycles. When the device is not being programmed, 
this pin should be connected to Vdd- 

X1,X2 

These pins are the main system clock inputs. The clock 
can be either a ceramic resonator or a crystal; an 
external logic signal may also be used. 

XT1,XT2 

These pins are the subsystem clock inputs. The clock 
can be either a ceramic resonator or a crystal; an 
external logic signal may also be used. 



RESET 

This is the reset input, and it is active low. 

Vdd 

The system positive power supply pin. 

Vss 

System ground. 
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NEC 



Block Diagram 



T10/PI3 < 

PTO0/P20 ' 



BUZ/P23 



SI/SBI/PO3 

SO/SBO/PO2 

SCK/PO1 



INTO/PI0 < 
INTI/PI1 < 
INT2/PI2 < 
INT4/P00 ' 

KR0-KR3/ ^ 
P60-P63 
KR4-KR7/ 
P70-P73 

AVdd < 

AVREF+ • 

AVreF- < 

AVss < 

AN0-AN3/ . 

II0-PII3 ' 



Basic 
Interval 
Timer 



O 



INTBT 



Timer/Event /^-'K 
Counter \n/ 



Watcli 
Timer 



O 



INTW 



Clocked 

Serial 

Interface 



O 



INTCSI 



Interrupt 
Control 



O 



AN0-AN3/ I K 

PII0-PII0 L-V 



A/D 
Converter 



O 



MAR/PIO0' 
MAi/P10i ' 
MAZ/PIO2' 
MAT/PI 03< 



Multi- 
function 
Timer 



o 



H 



Program 
Counter 




S 



SP(8) 



<z. 



Program 
Memory 
(ROM) 

8064 X 8 Bits 

(16256X8 Bits)' 



Decode 

and 
Control 



Bank 



O 



O 



Data Memory 

(RAM) 
512x4 Bits 



Data Memory 
(EEPROM) 
1024x4 Bits 



sz. 



C^^ Sequential 
^'^ Buffer(16) 



^ Porto ^TJi PO0-PO3 
(^ Port 1 Qj PI0-PI3 



O P°'^2 sA> ^^o-p^^ 



O P°^t3 (y> P30-P33 



^^ Port 4 (^ P40-P43 



Q> Port5^(Y> P50-P53 



O PQfte <Y> P60-P63 



O P°rt7 (V> P70-P73 



O P°^t8 (y> P80-P83 



<^ Port9 <Y> P90-P93 



^^ Port 10 ^4^ PIO0-PIO3 



<^ Port 1 1 ^O P1 10 -P1 13 



Clock 
CXitput 
Control 



fx/2N 



Clock 
Divider 



System Clock 
Generator 



Sub 



Stand By 
Control 



rTTT 

XT1 XT2 XI X2 



CPU Clock 



! t±l 

Vdd Vss reset IC(Vpp) 



♦Applies to HPD75P056 
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Specifications 


ROM 


8064 bytes 0*PD75O48) 
16256 bytes (|itPD75P056) 


RAM 


512 X 4 bits 


EEPROM 


1024 X 4 bits 


General-purpose 
registers 


4 bits X 8 or 8 bits x 4 



Instruction cycle 0.95 jus/1.91 j»s/15.3 jus 

(with nnain system clock operating at 4.19 MHz) 

122 jKS 

(with subsystem clock operating at 32 kHz) 

I/O Ports 48 total lines. There are 12 N-channel open- 

drain I/O ports, each tolerating as much as 10 
volts. (Pullup resistor mask-option is available 
in the |aPD75048 only). The remaining 36 lines 
are standard CMOS, including 12 input ports 
and 24 I/O ports. Of these, 27 have software- 
selectable pullup resistors, and four have 
software-selectable pulldown resistors. 



A/D converter 



8-bit X 8-channel 



Low-voltage operation possible 
(Vdd= 2.7 to 6.0 V) 



Timer/Counter Three. These include an 8-bit timer/event 
counter, an 8-blt basic Interval timer, and a 
clock timer. 



Multifunction 
timer 


This can be used as an 8-blt timer/event 
counter, PWM output, 16-blt free-running timer, 
or 16-bit counter for an integrating A/D 
converter. 


Serial interface 


NEC standard serial bus interface (SBI) 




Clock serial interface 


External 
Interrupts 


Three vector interrupts, one test input. 


Internal 
Interrupts 


Six vector interrupts, one test Input. 


Bit sequential 
buffer 


16-bit, on-chip 


Clock output 
(PCL) 


CPU clock <i>: 524 kHz, 262 kHz, 65.6 kHz 
(with main system clock operating at 4.19 MHz) 


Buzzer output 
(BUZ) 


2 kHz, 4 kHz, 32 kHz (with subsystem clock 
operating at 32.768 kHz) 


Package 


64-pin plastic SDIP (750 mil) 




64-pin plastic QFP (14 x 14 mm) 


Operating 
voltage 


Vdd = 2.7 to 6.0 V 
EEPROM target specification 
Vdd = 2.7 to 6.0 V 



4-41 



JIIPD75048/75P056 



4-42 



NEC Electronics Inc. 



j[iPD751xx/75P1xx 
High-End 4-Bit IVIicrocomputers 



Description 

The /iPD751xx/P1xx is a family of higli-performance 
single-chip CMOS microcomputers containing CPU, 
ROIVI, RAM, I/O ports, comparator, interval timer, two 
timer/counters, vectored interrupts, and a serial inter- 
face. 

The instruction set allows the user to manipulate RAM 
data and I/O ports in 1-, 4-, and 8-bit units. The devices 
are ideally suited for controlling VCRs, telephones, and 
meters. 

Both EPROM and OTP versions are available. See order- 
ing information. 

Features 

D 136 Instructions 

— Bit manipulation 

— 4-bit and 8-bit transfer, arithmetic, logical, 
comparison, and increment/decrement 
instructions 

— 1-byte relative branch 

— GETI instruction, to convert one 2-byte, 
one 3-byte, or two 1-byte instructions into a 
single 1-byte instruction 

D Fast execution time 

(Main system clock @ 4.19 MHz) 

— High-speed cycle: 0.95 /iS 

— Lower-voltage cycles: 1.91 and 15.3 /is 

° Program ROM 

— /iPD75104/104A: 4096 bytes 

— /iPD75106: 6016 bytes 

— /iPD75108/108A/P108: 8064 bytes 

— JL/PD75112: 12160 bytes 

— /iPD75116/P116: 16256 bytes 

a Data memory (RAM) 

— /iPD75104/104A/106: 320 x 4 bits 

— Others: 512x4 bits 

— Allows operation on 1, 4, or 8 bits 

° Bit sequential buffer 

— 16-bit, bit manipulation memory 

D Four banks of eight 4-bit registers 

° Accumulators 

— 1-bit (CY) 

— 4-bit (A) 

— 8-bit (XA) 



a 58 I/O lines 

—All outputs directly drive LEDs 

(lsink= 15mArms) 
— 12 N-channel open-drain, can withstand 12 V 

— 44 I/O lines 

— 14 input-only lines 

a 4-lnput programmable threshold comparator 

D Three timers 

— One 8-bit basic interval timer 
—Two 8-bit timer/event counters 

D 8-bit serial interface 

— Data transfer can be full duplex or receive only, 
and can be MSB or LSB first 

D Vectored interrupts 
—Two-level nesting 
—Three external interrupts 

— Four internal interrupts 

—Two inputs which generate an interrupt request 

n Standby modes 

— HALT mode: stops CPU only 

— STOP mode: stops main system clock 

a Power-on-reset and power-on flag 

(always provided with /iPD75P108, never on 
/iPD75P116, and available on the others as a mask 
option) 

° Mask option port pull-up resistors 
(not available on //PD75P108/P1 16) 

a Operates with oscillator or ceramic resonator 

D CMOS operation, with Vqd from 2.7 to 6.0 V 

a Low operating current (@5 V and 4.19 MHz) 

— Normal operation: 3.0 mA typical 

— HALT mode: 0.5 mA typical 

— STOP mode: 0.1 fjA typical 

a Programmable versions 

— OTP & EPROM: /iPD75P108 

— OTP:/iPD75P116 

— OTP, low voltage: /iPD75P108B (Note) 

Note: Low voltage target spec of 2.7 to 6.0 V operation. 
Contact your local NEC Sales Office for latest infor- 
mation; none of tlie electrical specifications in this 
data sheet directly apply to this part. 
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Ordering Information 


Part Number 


Package Type 






ROM 


/iPD75104CW-xxx 


64-pin plastic SDIP (750 mil) 






Mask ROM 


/iPD75104G-xxx-1B 


64-pin plastic QFP (resin thickness = 


2.05 mm; pitch = 


= 1.0 mm) 


Mask ROM 


/iPD75104GF.xxx-3BE 


64-pin plastic QFP (resin thickness = 


2.7 mm; pitch = 


1.0 mm) 


Mask ROM 


/iPD75104AGC-xxx-AB8 


64-pin plastic QFP (resin thickness = 


2.55 mm; pitch = 


= 0.8 mm) 


Mask ROM 


A/PD75106CW-XXX 


64-pln plastic SDIP (750 mil) 






Mask ROM 


A/PD75106G-XXX-1 B 


64-pin plastic QFP (resin thickness = 


2.05 mm; pitch = 


= 1.0 mm) 


Mask ROM 


/iPD75106GF-xxx-3BE 


64-pin plastic QFP (resin thickness = 


2.7 mm; pitch = 


1.0 mm) 


Mask ROM 


)L/PD75108CW-xxx 


64-pin plastic SDIP (750 mil) 






Mask ROM 


/iPD75108G-xxx-1B 


64-pin plastic QFP (resin thickness = 


2.05 mm; pitch = 


= 1.0 mm) 


Mask ROM 


A/PD75108GF-XXX-3BE 


64-pin plastic QFP (resin thickness = 


2.7 mm; pitch = 


1.0 mm) 


Mask ROM 


)uPD75108AG-xxx-22 


64-pin plastic QFP (resin thickness = 


1.5 mm; pitch = 


0.8 mm) 


Mask ROM 


/iPD75108AGC-xxx-AB8 


64-pin plastic QFP (resin thickness = 


2.55 mm; pitch = 


= 0.8 mm) 


Mask ROM 


/iPD75P108CW 


64-pin plastic SDIP (750 mil) 






OTP 


/iPD75P108DW 


64-pin shrink CERDIP (w/ 350-mil window) 




EPROM 


A/PD75P108G-1B 


64-pln plastic OFP (resin thickness = 


2.05 mm; pitch = 


= 1.0 mm) 


OTP 


/iPD75P108BCW (Note 2) 


64-pin plastic SDIP 






Low voltage OTP 


/iPD75P108BGF-3BE (Note 2) 


64-pin plastic QFP 






Low voltage OTP 


/iPD75112GW-xxx 


64-pin plastic SDIP (750 mil) 






Mask ROM 


A/PD75112GF-XXX-3BE 


64-pin plastic QFP (resin thickness = 


2.7 mm; pitch = 


1 .0 mm) 


Mask ROM 


AiPD75116CW-xxx 


64-pin plastic SDIP (750 mil) 






Mask ROM 


iuPD75116GF-xxx-3BE 


64-pin plastic QFP (resin thickness = 


2.7 mm; pitch = 


1.0 mm) 


Mask ROM 


/iPD75P116CW-xxx 


64-pin plastic SDIP (750 mil) 






OTP 


A/PD75P116GF-XXX-3BE 


64-pin plastic QFP (resin thickness = 


2.7 mm; pitch = 


1.0 mm) 


OTP 



Notes: 

(1) XXX indicates ROM code suffix. 

(2) Contact your local NEC sales office for latest information. 
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Pin Configurations 

64'Pin Plastic SDIP and 64'Pin Ceramic SDIP 
w/Window 













PI3/INT3 c 

P12/INT2 C 
PI1/INTI c 
PI0/INT0 c 

PTH03 C 


1 O' 

2 
3 
4 
5 


64 
63 
62 
61 
60 


3 Vss 
DP9o 
DP9i 
DP92 
DP93 


PTH02 C 


6 


59 


DP80 




PTH01 C 


7 


58 


DP81 




PTHOO C 


8 


57 


DP82 




TIO C 


9 


56 


DP83 




Til C 


10 


55 


DP7o 




P23C 
P22/PCL C 


11 
12 


54 
53 


DP7l 
DP72 




P21/PT01 C 


13 


52 


DP73 




P20/PTO0 C 


14 


51 


DP60 




PO3/SI c 


15 


50 


DP61 




PO2/SO c 


16 


49 


DP62 




PO1/SCK c 


17 


48 


DP63 




P00/INT4 C 


18 


47 


DX1 




P123 c 


19 


46 


DX2 




P122 E 


20 


45 


D RESET 




P12i E 


21 


44 


DP50 




P12o E 


22 


43 


DP51 




P133 E 


23 


42 


DP52 




P132 E 


24 


41 


DP53 




P13i E 


25 


40 


DP40 




P13o E 


26 


39 


1P41 




P143 E 


27 


38 


DP42 




P142 E 


28 


37 


DP43 




P141 E 
P14o E 


29 
30 


36 
35 


:|P3o(MDO)* 
:|P3i(MD1)* 




*NC(Vpp) E 

Vdd E 


31 
32 


34 
33 


JP32(MD2)* 
DP33(MD3)* 


83-0071 56A 


*VppandMD0-MD3arefor 
programming the |xPD75P1C 


8/75P116 







64-Pin Plastic QFP (All Parts Except 
fiPD75104A/108A) 



^ ♦f * *f ^ 

1 1 1 1 1 

CMCOOt-CMCOOX'*"*'* 

£2£2££5^g5:5:s: 


CO 
^ CO 




nnnnnnnnnnnnn 






|^S2S5§gSIi5SSS 


S S> 




P4iE 


1 


51 


3 P13i 


P4oC 


2 


50 


3 P132 


P53C 


3 


49 


DPI33 


P52C 


4 


48 


DP120 


P5iE 


5 


47 


3 P12i 


PSqC 


6 


46 


3 PI22 


RESET E 


7 


45 


3 P123 


X2E 


8 


44 


3 P00/INT4 


X1 E 


9 


43 


3 PO1/SCK 


P63E 


10 


42 


^ PO2/SO 


P62 c 


11 


41 


p PO3/SI 


P61 E 


12 


40 


3 P20/PTO0 


P60C 


13 


39 


H P21/PT01 


P73C 


14 


38 


3 P22/PCL 


P72II 


15 


37 


3 P23 


P7iC 


16 


36 


DTI1 


PTqC 


17 


35 


Utio 


P83 1^ 


18 


34 


3 PTHOO 


P82II 


19 


33 
« ^ J 


3 PTH01 




UUUUU'UUUUUUUU 
£ £ £ £ 2 2|| 1 i 1 1 1 

"w "w ^ ^ Q- ^ 
K K. a. a. 




* Vppand MD0-MD3 are for 




programming the nPD75P108A75P1 16 


83YL-7157A 
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Pin Configurations (cont) 

64'Pin Plasiic QFP (uPD75ia4A/108A onl^ 





is^^^^^^s 




^jE^^iii£>i^ 






nnnnnnnnnnnnnnnn 








64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 




P83 c 


1 

2 ^ 47 


DP4i 




P82C 


DP42 




P81C 


3 46 


1P43 




PBoC 


4 45 


IlP3o 




P93I: 


5 44 


DP31 




P92C 


6 43 


IIP32 




P9iC 


7 42 


1P33 




PSoC 


8 HPD75104AGC 4^ 


:3vdd 




VssC 


g HPD75108AG/GC 40 


Dng 




PI3/INT3 c 


10 39 


I] P14o 




Pl2/«NT2C 


11 38 


DP141 




PI1/INTI C 


12 37 


1P142 




PI0/INTOC 


13 36 


:iP143 




PTH03 C 


14 35 


3 P13o 




PTH02 C 


15 34 


DP13i 




PTH01 C 


16 33 
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 


H P132 






uuuuuuuuuuuuuuuu 










83RD-7147B 
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Block Diagram 



TIOC 
PTO0/P20 C 



SI/PO3 C 
SO/PO2 C 
SCK/PO1 c 



INTO/PI0C 
iNT1/P1iC 
INT2/PI2 C 
INT3/P13 C 
INT4/P00 C 



Basic 
Interval 
Timer 



O 



Timer/Event /LK 
Counter { ^ 
#0 \rv 



Timer/Event 
Counter 

#1 



O 



Serial 
Interface 



O 



Interrupt 
Control 



O 



PTH00-PTH03 



_Jv Programmable y'l-K 
[4 y Threshold ( "> 
^"V Analog Inputs nV 




O 



Bit Sequential 
Buffer [16] 



<^ Porto (^ 4] PO0-PO3 

/ Port 1 (^4] PI0-PI3 

(^ ^ Port 2 <^4\p2o-P23 

(^ \ Porta (^4\p3o-P33 

Q \ Port 4 /^4\p4o-P43 

(^ P Ports <^4\p5o-P53 

(^ ^ Port 6 <(''»/> P60-P63 

{ y Port 7 <^4\p7o-P73 

Q y Ports <('4\p8o-P83 

(^ y Port 9 <^4 \p9o-P93 

(^ ^ Port 12 <^4\pi2o-P123 

(^ y Port 13 (['4 \pi3o-P133 

(^ y Port 14 Q4\pi4p-P143 
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Pin Identification 



PIN FUNCTIONS 



Symbol 


Function 


POo/INT4 


Port input; interrupt 4 


POi/SCK 


Port input; seriai clock 


PO2/SO 


Port input; seriai out 


PO3/SI 


Port input; seriai in 


PI0/INTO 


Port 1 input; interrupt 


PI1/INTI 


Port 1 input; interrupt 1 


PI2/INT2 


Port 1 input; interrupt 2 


PI3/INT3 


Port 1 input; interrupt 3 


P2o/PTOO 


Port 2 i/0; timer/event counter 


P2i/PT01 


Port 2 i/0; timer/event counter 1 


P22/PCL 


Port 2 i/0; clocl( output 


P23 


Port 2 I/O 


P3o/MDO 


Port 3 I/O; programming mode select 
^PD75P108/P116) 


P3i/MD1 


Port 3 I/O; programming mode select 1 
(iuPD75P108/P116) 


P32/MD2 


Port 3 I/O; programming mode select 2 
(L/PD75P108/P116) 


P33/MD3 


Port 3 I/O; programming mode select 3 
OL/PD75P108/P116) 


P40-P43 


Port 4 I/O 


P50-P53 


Port 5 I/O 


P60-P63 


Port 6 I/O 


P70-P73 


Port 7 I/O 


P80-P83 


Port 8 I/O 


P90-P93 


Port 9 I/O 


PI20-PI23 


Port 12 I/O 


P130-P133 


Port 13 I/O 


P140-P143 


Port 14 I/O 


PTH00-PTH03 


4-bit programmable threshold comparator 
analog input port 


RESET 


Reset input 


TI0/TI1 


Event timer/counter external input 


Vdd 


Positive power supply 


Vss 


Ground 


X1,X2 


Main clock inputs 


NC/Vpp 


No connection; programming pin for 
/iPD75P108/P116 



P00/INT4, P01/SCK, P02/SO, P03/SI 

These pins can be used as the 4-bit input port 0. POq 
can be used for vectored interrupt 4, which interrupts 
on either the leading edge or the trailing edge of the 
signal. PO1-PO3 may also be used for the serial interface; 
SI is the serial input, SO is the serial output, and SCK is 
the serial clock. Reset causes these pins to default to 
the Port input mode. 

PI0/INTO, P1i/[NT1, PI2/INT2, PI3/INT3 

These pins can be used as 4-bit input port 1. They can 
also be used, respectively, for edge-triggered interrupts 
INTO, INT1, INT2, and INT3. INTO and INT1 are triggered 
by rising or falling edges, while INT2 and INT3 respond 
to rising edges only and generate an interrupt request 
but not an interrupt. Reset causes these pins to default 
to the Port 1 input mode. Individual pull-up resistors can 
be provided by mask option in the/iPD75104A/108A. 

P2o/PTOO, P2i/PT01, P22/PCL, P23 

These pins can be used as 4-blt I/O port 2. This port has 
latched outputs, and can directly drive LEDs. PTOO and 
PT01 are the timer/event counter output pins; POL is 
the clock output pin. Reset causes these pins to default 
to the Port 2 input mode. 

PSo/MDO, P3i/MD1, P32/MD2, P33/MD3 

These pins are used for I/O Port 3. Each bit in this port 
can be independently programmed to be either an Input 
or an output. This port has latched outputs, and can 
directly drive LEDs. P3o-P33 are used as the program- 
ming mode select pins for the /iPD75P108/P116 during 
EPROIVI/OTP programming and verification. A reset sig- 
nal causes this port to default to the input mode. 

P40-P43, P5o-P53 

Port 4 and Port 5 are identical 4-bit I/O ports which can 
be combined together to function as a single 8-blt port. 
Latched outputs will directly drive LEDs. A reset signal 
causes these ports to default to the input mode. Indi- 
vidual pull-up resistors are available as a mask option in 
the/iPD75104A/108A. 
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P60-P63, P70-P73 

Port 6 and Port 7 are 4-bit I/O ports; port 6 is I/O bit 
programmable. These ports may be combined together 
to function as a single 8-bit port. Latched outputs will 
directly drive LEDs. A reset signal causes these ports to 
default to the input mode. Individual pull-up resistors 
are available as a mask option in the /iPD75104A/108A 

P80-P93, P90-P93 

Port 8 and Port 9 are identical 4-bit I/O ports which can 
be combined together to function as a single 8-bit port. 
Latched outputs will directly drive LEDs. A reset signal 
causes these ports to default to the input mode. Indi- 
vidual pull-up resistors are available as a mask option in 
the/iPD75104A/108A 

PI20-PI23, P130-P133 

Port 12 and Port 13 are identical 4-bit I/O ports which 
can be combined together to function as a single 8-bit 
port. Latched outputs will directly drive LEDs. Outputs 
are N-channel open drain, and can withstand up to 12 
volts; pull-up resistor mask options are available for 
these ports. A reset signal causes these ports to default 
to the input mode. 

P140-P143 

Port 14 is a 4-bit I/O port. Latched outputs will directly 
drive LEDs. Outputs are N-channel open drain, and can 
withstand up to 12 volts; pull-up resistor mask options 
are available for this port. A reset signal causes the port 
to default to the input mode. 

PTH00-PTH03 

4-channel comparator with 4-bit resolution and on-chip 
resistor ladder. 



TJO, TI1 

External event input for the timer/event counters. Each 
pin can also act as an edge-triggered vectored interrupt 
and a 1-bit input port. 

NC/Vpp 

This pin may be left unconnected when using the 
/iPD751xx. For the^PD75P108/P116, this pin is used as 
the programming voltage input during the EPROM 
write/verify cycles. When the devices are not being 
programmed, this pin should be connected to Vqd- Pin 
must be connected to Vdd if the same circuit board is 
used for both programmable and nonprogrammable 
devices. 

X1,X2 

These pins are the system clock inputs. The clock can 
be either a ceramic resonator or a crystal; an external 
logic signal may also be used. 



RESET 

This is the reset Input, and it is active low. 

Vdd 

The system positive power supply pin. 

Vss 

System ground. 



Product 


Comparison 














Item 


jtiPD75104/104A 


|aPD75106 


|kPD75108/108A 


jaPD75P108 


jttPD75112 


j[iPD75116 


MPD75P116 


Program 
memory 


Mask ROM 
OOOH-FFFH 
4096 X 8 bits 


Mask ROM 
000H-177FH 
6016x8 bits 


Mask ROM 
000H-1F7FH 
8064 X 8 bits 


EPROM/OTP 
000H-1FFFH 
8192x8 bits 


Mask ROM 
000H-2F7FH 
12160 X 8 bits 


Mask ROM 
000H-3F7FH 
16256 x 8 bits 


OTP 

000H-3FFFH 
16384 X 8 bits 


Data 
memory 


320 X 4 bits 
Bank 0: 256 x 4 
Bank 1 : 64 x 4 


320x4 bits 
Bank 0:256x4 
Bank 1 : 64 X 4 


512x4 bits 
Bank 0: 256 x 4 
Bank 1:256x4 


512x4 bits 
Bank 0: 256 x 4 
Bank 1:256x4 


512x4 bits 
Bank 0: 256 x 4 
Bank 1:256x4 


512 X 4 bits 
Bank 0: 256 x 4 
Bank 1 : 256 x 4 


512x4 bits 
Bank 0: 256 x 4 
Bank 1:256x4 


Instruction 
set 


The BR laddr Instruction Is not provided In the //PD751 04/1 04A. 









Port lines CMOS I/O lines: 32 

12 open-drain outputs with 12 V breakdown. These outputs can have pull-up resistors as a mask option, except 

for programmable parts. (Note 1) 

Lines which directly drive LEDs: 44 

Total number of lines: 52 (44 I/O and 8 input- only) 
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Product Comparison 


Item 


/APD75104/104A jaPD75106 


|[(PD75108/108A j[iPD75P108 


jttPD75112 


fiPD75116 


MPD75P116 


Power-on- 
reset 

circuit and 
power- on 
flag 


Mask option Mask option 


Mask option Internally 
provided 


Mask option 


Mask option 


Not included 


Operating 

voltage 

range 


2.7 to 6.0 V 2.7 to 6.0 V 


2.7 to 6.0 V 5V± 10% 


2.7 to 6.0 V 


2.7 to 6.0 V 


5 V ± 10% 


Package 


See ordering information for a complete list of packages 









Notes: 

(1) The/iPD75104/104A have 24 additional I/O port lines and 4 more 
input-only lines with mask option programmable pull-up resis- 
tors. 

ADDRESS SPACES AND MEMORY MAPS 

The 75X architecture has two separate address spaces, 
one for program memory (ROM), and another for data 
memory (RAM). 

Program Memory (ROM) 

The ROM is addressed by the program counter. The size 
of the program counter is 12, 13, or 14 bits; its size 
depends on which memlDer of the family is being used, 
as does the amount of ROM present. The ROM contains 
program object code, interrupt vector table, a GETI 
instruction reference table, and table data. Table data 
can be obtained using the table reference instruction, 
MOVT 

Figure 1 shows the addressing range which can be 
made using a branch Instruction or subroutine call 
instruction. In addition, the BR RODE and BR POXA 
instructions can be used for a branch where only the 
low 8 bits of the PC are changed. The program memory 
addresses are, 

JL/PD75104/104A: OOOH to FFFH 
/iPD75106: OOOOH to 1 77FH 
/iPD75108/108A: OOOOH to 1F7FH 
fiPD75P108: OOOOH to 1FFFH 
iL/PD751 12: OOOOH to 2F7FH 
/iPD75116: OpOOH to 3F7FH 
/iPD75P116: OOOOH to 3FFFH 

All locations of ROM except OOOH and 0001 H can be 
used as program memory. However, if interrupts or 
GETI instructions are used, the locations correspond- 
ing to those functions cannot be used. Addresses are 
normally reserved as follows: 



OOOOH to 0001 H: This address area contains the 
program start address when a 
RESET is applied, and is also used 
for setting the values of RBE and 
MBE. Program execution can be 
started from any address after a 
RESET 

002H to OOOBH : This area is used for interrupt vector 
addresses and for setting the value 
of RBE and MBE. Interrupts can 
start from any location except 
where noted. 

0020H to 007FH: This is the table area for GETI 
instructions. The GETI instruction 
is used to access 1, 2 or 3-byte 
instructions using one byte of 
program memory This is useful in 
compacting code. 

Program Counter (PC) 

This is a 12/13/14-bit binary counter that contains the 
address of the current program memory location. The 
/iPD75104/104A contain a 12-bit PC, the /iPD75106/108/ 
108A/P108 have a 13-bit PC, and the/iPD75112/116/P116 
have a 14-bit PC. 

When an instruction is executed, the PC is automati- 
cally incremented by the number of bytes of the current 
instruction. When a branch instruction (BR, BRCB) is 
executed, the contents of the immediate data or regis- 
ter pair indicating the new address are loaded into some 
or all the bits of the PC. When a subroutine call instruc- 
tion (CALL, CALLF) is executed or an interrupt is 
generated, the PC is incremented to point to the next 
Instruction, and this information is saved on the stack. 
During an interrupt, the program status word (PSW) is 
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also automatically saved on the stack. The address to 
be jumped to by the CALL or Interrupt Is then loaded 
Into the PC. 

When a return Instruction (RET, RETS, or RETI) Is 
executed, the contents of the stack are restored to the 
PC. 

Data Memory (RAM) 

The data memory contains three memory banks, 0, 1, 
and 15. The RAM memory map Is shown In figure 2. The 
memory consists of general purpose static RAM, gen- 
eral purpose registers, and peripheral control registers. 
Memory banks are accessed by using the MBE (memory 
bank enable) bit and by programming the BS (bank 
select) register If MBE = 0, the lower 128 nibbles of 
memory bank and the upper 128 nibbles of memory 
bank 15 are accessed. If MBE = 1, the upper four bits in 
the BS register will specify the memory bank. The values 
are OH for memory bank 0, 1H for memory bank 1, and 
FH for memory bank 15. Memory bank contains 256 
nibbles, while memory bank 1 contains either 64 or 256 
nibbles depending on which member of the jLfPD751XX/ 
P1XX family Is being used. Although the memory is 
organized In nibbles, the 75X architecture allows the 
data to be manipulated in bytes, nibbles and Individual 
bits. 

The data memory Is used for storing processed data, 
general purpose registers, and as a stack for subroutine 
or interrupt service. Because of Its static nature, the 
RAM will retain its data when the chip is In the STOP 
mode, provided Vpo is at least 2 volts. 

The on-chip peripheral control registers and ports re- 
side In the upper 128 nibbles of bank 15. Bank 15 
addresses which are not assigned to a register are not 
available as random memory except for the 16-bit se- 
quential buffer Also, the lower 128 nibbles of bank 15 do 
not contain RAM. 

There are four general-purpose register banks In RAM 
Bank 0, beginning at address OOH. Each bank contains 
eight 4-bit registers, (B, C, D, E, H, L, X, A), which may 
be used together to form four 8-bit registers. Register 
bank selection Is accomplished by using the two low- 
order bits of the BS register and the RBE (register bank 
enable) bit. A register bank is selected by setting RBE to 
1 and programming BS to be 0H-3H for register banks 
0-3, respectively. If RBE = 0, the chip defaults to bank 0. 
Registers which are not used for any other purpose may 
be used as general purpose RAM. 



Each register can be used either In a 4-bit configuration 
or In a 8-blt configuration when paired with one of the 
others (BC, DE, HL, XA). There Is also a "DL" pair 
available. DL and pairs DE and HL can be used as data 
pointers. For 8-bit manipulation, besides BC, DE, HL, 
and XA, register pairs BC, DE', HL, and XA' are pro- 
vided. If memory bank is selected and BC is refer- 
enced, BC Is register BC In memory bank 1. If bank 1 is 
selected and BC is referenced, BC Is register BC In 
bank O.The same concept Is true for register banks 2 
and 3 

Figure 7. Program Memory Map 



0002H 

007FH 

0080hJ^ 

07FFH^ 

0800H. 



OFFFH 
1000H, 
IFFFH 
2000H, 

2FFFH 
3000H. 



MBE RBE Internal reset start address 
(high order six bits) 



Interna! reset start address 
(low order eight bits) 



MBE RBE INTBT/INT4 start address 
(high order six bits) 



CALLF 

Ifaddr 

instruction 

entry 

address 



INTBT/INT4 start address 
(low order eight bits) 



MBE RBE 



INT0/INT1 start address 
(high order six bits) 



INT0/INT1 start address 
(low order eight bits) 



INTSIO start address 
(high order six bits) 



INTSIO start address 
(low order eight bits) 



INTTO start address 
(high order six bits) 



INTTO start address 
(low order eight bits) 



INTT1 start address 
(high order six bits) 



INTT1 start address 
(low order eight bits) 



* 



!± 



GETI instruction reference table 



!i 



* 



BRCB 
I caddr 
instruction 
branch 
address 



J 



CALL 

laddr 
instruction 
subroutine 

entry 
address 

BR Icaddr 

instruction 

branch 

address 

BR $addr 

instruction 

relative 

branch 

address 



Subroutine 
entry and 
branch 
address 
by GETI 
instruction 



4-51 



fjPD751xx/75P1xx 



MFC 



Figured Data Memory Map (uPD751 04/1 04A/1 06) 



1 




^ OOOH 




General ' f | 




01 FH 


32x4 


,, purpose registers 








Ba 
{25e 


ikO 
>x4) 

OFFH 


224 X 4 


Stack 
area 






100H 






Bar 


ikl 


64x4 


General purpose 

static RAM 

320x4 




13FH 










Not , 






Internally , 
Provided 




^ 


^ F80H 




t 




Bank 15 
1 


128x4 


Peripheral 
hardware area 




f FFFH 




1 










49NR-723A 



Figure 3. General Purpose Register 
Configurations 



Figure 2a. Data Memory Map 

OiPD75108tO/iPD75116) 



' ' OOOH 
01 FH 



BankO 
(256 X 4) 



^ 100H 



General 
,, purpose registers 



General purpose 

static RAM 

512x4 



Bank 15 



Not 
Internally 
Provided 



Peripheral 
hardware area 





Data Memory 




ADDRESS 

OOOH 

001 H 

002H 

003H 

004H 

005H 

006H 

007H 

008H 
1 


3 






A Register 


Register 






X Register 


bankO 


L Register 


H Register 


E Register 


D Register 


C Register 


B Register 








i < 




1 

1 


Same as the bank 0. 


Register bank 1 


1 
OOFH 

010H 
1 




w 






1 \ 




1 
1 


Same as the bank 0. 


Register 


bank 2 


1 
01 7H 

01 8H 

1 




^ ' 






1 i 




1 

1 


Same as the bank 0. 


Register bank 3 


1 
01FH 




V 




3 3 







B 







") 






t 


3 C 




3 





D 




E 




\, 




\ 










3 \ 3 





r §■ 




H 


\ 


L 








3 ( 


) 


3 





X 




A 
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Addressing Modes 

The/iPD751xx/P1xx is able to address data memory and 
ports as individual bits, nibbles, or bytes. The address- 
ing modes are as follows: 

1-bit direct data memory 
4-bit direct data memory 



4-bit register indirect (@rpa) 
8-bit direct data memory 
8-bit register indirect (@HL) 

See table 1 for data memory addressing and table 2 for 
peripheral control register addressing. 



Table I. Data Memory Addressing Modes 



Addressing Mode Representation Format 



How the Address is Created 



1-bit direct addressing mem.bit 



If IVIBE ■■ 



0, tlie memory banl< is Bank for addresses 00H-7FH, and Banl< 15 
for addresses 80H-FFH. 



If IVIBE = 1, the memory bank is selected by the four bits of the MBS. 
The bit to be manipulated Is specified In mem.bit 



4-blt direct addressing mem 



If MBE ■■ 



0, the memory bank is Bank for addresses 00H-7FH, and Bank 15 
for addresses 80H-FFH. 



If IVIBE = 1 , the memory bank Is selected by the four bits of the MBS. 
The bit to be manipulated is specified In mem. 



8-bit direct addressing mem (must be an even address) If MBE • 



0, the memory bank is Bank for addresses 00H-7FH, and Bank 15 
for addresses 80H-FFH. 



If MBE = 1 , the memory bank is selected by the four bits of the MBS. 
The bit to be manipulated is specified in mem. 



4-bit register Indirect @HL, @HL+ , @HL- 
addressing 



The memory bank is selected by the four bits of the MBS, and the location 
within the memory bank is contained in register HL 

@HL+ : After addressing the L register automatically increments. 

@HL- : After addressing, the L register automatically decrements. 



@DE 



@DL 



The memory bank is always Bank 0, and the location within the memory bank is 
contained in register DE 

The memory bank is always Bank 0, and the location within the memory bank is 
contained in register DL 



8-blt register Indirect @HL (must be an even address) 
addressing 



The memory bank is selected by the four bits of the MBS, and the location 
within the memory bank Is contained in register HL 



Bit manipulation 
addressing 



f mem. bit 



The memory bank is Bank 15, and the location Isfmem, where 

fmem = FBOH- FBFH for interrupts 

f mem = F FOH-F F FH I/O ports 
The actual bit is specified in fmem. bit 



pmem.@L 

(where pmem= FCOH to FFFH) 



@H + mem.bit 



The memory location is independent of MBE and MBS. The upper 10 address 
bits of the location are contained in the ten high order bits of pmem and the two 
lower address bits are contained in the two upper bits of register L 
The bit to be manipulated is specified by the two LSBs of register L 

The memory bank is selected by the four bits of the MBS, and the location is 
determined by the following: 

The four upper bits are the contents of register H 

The four lower bits are mem. 
The actual bit is specified In mem.bit. 



Stack addressing 



The memory bank is always Bank 0, and the location is indicated by the stack 
pointer (SP) 



MBE: memory bank enable bit 

MB: memory bank 

MBS: memory bank select register 

mem: a location within a memory bank 

mem.bit: a bit at a specified memory location. 

fmem and pmem are specialized cases of mem. 
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Table 2. 


Addressing Modes During Peripiteral Hardware Operation 




Manipulation 


Addressing IMode 


Appiicabie Hardware 


1-blt 




With MBE = (or MBE = 1 and MBS = 15) direct addressing 
(address in mem.bit) 


All hardware where bit manipulation can be 
performed 




Direct addressing regardless of how MBE and MBS are set. 
(address in fmem.bit) 


ISTO, ISTI.MBE, RBE 

lExxx, IRQxxx, PORTn (n= to 3) 




Indirect addressing regardless of how MBE and MBS are set. 
(address in pmem. @L) 


BSBn.x 
PORTn 


4-bit 




With MBE = (or MBE = 1 and MBS = 15) direct addressing 
(address in mem.bit) 


All hardware where 4-blt manipulation can be 
performed 




With MBE = 1 and MBS = 15, register indirect addressing 
(address in @HL) 




8-bit 




With MBE= (or MBE = 1 and MBS = 15) direct addressing 
(address In mem); mem must be an even address 


All hardware where 8-bit manipulation can be 
performed 




With MBE = 1 and MBS = 15, register indirect addressing (address 
In @HL); L register must contain an even number 





INSTRUCTIONS 

Tiie /iPD751xx/P1xx provides a powerful set of 136 
instructions. 

Instruction Timing 

Tlie minimum instruction execution time is 0.95 /is witli 
a 4.19IV1HZ clock. The PCC register can be used to 
program tiie CPU's minimum Instruction cycle time to 
0.95, 191, or 15.3 /is; ail three speeds presuppose a 
4.19 MHz crystal. Reducing the CPU clock speed will 
reduce the microprocessor's power consumption. 

Instruction Set 

The instruction set contains the following features: 

• Versatile bit manipulation instructions 

• Efficient 4-bit manipulation instructions 

• 8-bit instructions 

• GETI instruction to reduce program size 

• Vertically stored instructions and base correction 
instructions 

• Table reference instructions 

• 1-byte relative branch Instructions 

The instruction set is unusually powerful for a 4-bit 
microcomputer. It consists of the full 75X Instruction 
set. It contains instructions that operate on 1-bit, 4-bit, 
and 8-bit data. It contains 8-bit instructions generically 
equivalent to virtually every 4-blt instruction type. Spe- 
cifically, the instruction set contains the following 8-bit 
instruction types: 



• Arithmetic: ADD W/CARRY ADD W/SKIP, 

SUB W/BORROV\< SUB W/SKIP 

• Logical: AND, OR, XOR 

• Comparison: SKE (skip if equal) 

• Transfer: MOV, MOVT, XCH, IN, OUT PUSH, POP, BR, 

CALL 

• Manipulation: INC W/SKIP, DEC W/SKIP 

In addition, some of the 4-bit ports may be paired 
together to function as one 8-bit port. The combination 
of 8-bit ports and 8-bit instructions allows IN and OUT 
instructions to move full bytes of data at a time. 

Organization. Tables 3 and 4 define the instruction set 
symbols and operand formats, found in the instruction 
set. 

Clocic Cycles. One machine cycle equals one CPU 
Clock Cycle (f>. The PCC selects one of four available 
CPU cycle speeds. 

Skip Cycles. S equals the number of extra machine 
cycles required for skip operation when executing a 
skip instruction: 

• S = 0; no skip 

• S = 1; one- or two-byte instruction or GETI instruc- 
tion is skipped 

• S = 2; three-byte instruction is skipped (BR laddr, 
CALLladdr) 
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Table 3. Instruction Set Symbols 

The devices use the following symbol definitions: 

Symbol Definition 

A A register; 4-blt accumulator 

B B register; 4-blt register 

C C register; 4-blt register 

D D register; 4-blt register 

E E register; 4-blt register 

H H register; 4-bit register 

L L register; 4-blt register 

X X register; 4-blt register 

XA XA register pair; 8-bit accumulator 

BC BC register pair; 8-bit register 

DE DE register pair; 8-blt register 

DL DL register pair; 8-blt register 

HL HL register pair; 8-bit register 

XA' XA' register pair; 8-bit register 

BC BC register pair; 8-blt register 

DE' DE' register pair; 8-blt register 

HL' HL' register pair; 8-blt register 

PC Program counter 

SP Stack pointer 

CY Carry flag; bit accumulator 

PSW Program status word 

MBE Memory bank enable flag 

RBE Register bank enable flag 

PORTn Port n (n = 0-9, 12-14) 

IME Interrupt master enable 

IPS Interrupt priority selection register 

lExxx Interrupt enable flag 

RBS Register bank selection register 

MBS Memory bank selection register 

PCC Clock processor control register 

Separation between address and bit 

(xx) The contents addressed by xx 

xxH Hexadecimal data 

Operation Representation Format 
and Description l\/lethod 

An operand Is entered in the operand field of each 
Instruction according to the format of the Instruction 
(see assembler specifications). When two or more en 
tries are Indicated In the description method, one 
should be selected. Capital letters and symbols must be 
entered exactly as shown. For Immediate data, a proper 
numeric value or label should be entered as shown In 
table 4. 



Table 4, Operand Formats 



Symbol 



Description 



reg 
reg1 



X, A, B,C, D, E, H, L 
X, B,C, D, E, H,L 



rp 


XA, BC, DE, HL 


rp1 


BC, DE, HL 


rp2 


BC.DE 


rp' 


XA, BC, DE, HL, XA', BC DE', HL' 


rp'1 


BC, DE, HL, XA', BC DE', HL' 



rpa 
rpa1 


HL,HL+.HL-, DE, DL 
DE, DL 


n4 
n8 


4-bit immediate data or label 
8-bit immediate data or label 


mem (Note 1) 
bit 


8-bit immediate data or label 
2-bit immediate data or label 


fmem 
pmem 


FBOH-FBFH, FFOH-FFFH immediate data or label 
FCOH-FFFH immediate data or label 



addr, caddr juPD75104: OOOH-FFFH Immediate data or label 

i[iPD75106: 000H-177FH Immediate data or label 

/iPD75108:000H-1F7FH Immediate data or label 
/iPD75P108: 000H-1FFFH immexilate data or label 

/iPD75112: 000H-2F7FH immediate data or label 

/iPD75116: 000H-3F7F Immediate data or label 
//PD75P116: 000H-3FFFH immediate data or label. 



faddr 



11 -bit Immediate data or label 



taddr 



20H-7EH immediate data (wliere bit = 0) or label 



PORTn Port 0-Port 9, Port 12-Port 1 4 

lExxx lEBT, lESIO, lETO, IET1,IE0-IE4 

RBn RB0-RB3 

MBn MBO, MB1,MB15 

Notes: 

(1) Memory address must be an even number In 8-bit processing. 

String Instructions 

The jL/PD751xx/P1xx family has the following two types 
of string effect instructions: 

(1) MOV A, #n4 or MOV XA, #n8 
(2)M0VHL, #n8 

String effect means to place the same type Instructions 
In consecutive addresses. For example; 

AO: MOV A, #0 
A1:M0VA, #1 
XA7: MOV XA, #07 



4-55 



jjPD751xx/75P1xx 



SEC 



If the first execution address is AO, the two subsequent 
instructions are treated as NOP instructions during 
program execution; if the first execution address is A1, 
the instruction that follows is treated as an NOP in- 
struction during program execution. This means that 
only the first string instruction is valid, with the follow- 

Instruction Set 



ing string instructions being treated as NOP instruc- 
tions during program execution. 

The string instructions Increase efficiency when setting 
constants Into an accumulator (A register or XA 
register-pair) or into a data pointer (HL register pair). 



Mnemonic Operand 



Bytes Machine Cycle Operation 



SIcip Condition 



Transfer 



MOV 



A. #n4 



reg1, #n4 



XA,#n8 



HL. #n8 



rp2, #n8 



A, @HL 



A, @HL+ 



A,@HL- 



A, @rpa1 



XA, @HL 



@HL,A 



@HL,XA 



A, mem 



XA, mem 



mem, A 



mem, XA 



A, regl 



XA, rp' 



regl , A 



rp'I.XA 



A*-n4 



regl ♦- n4 



XA<-n8 



HL*-n8 



rp2 <- n8 



A -«- (HL) 



2+S 



A<^ (HL),thenL<-L+1 



2+S 



A<K-(HL),thenL*-L-1 



A -«- (rpal) 



XA *- (HL) 



(HL)^A 



(HL)*-XA 



A *- (mem) 



XA *- (mem) 



(mem) «- A 



(mem) «- XA 



(reg1) 



XA-t-rp' 



regl •«- A 



rp'1 *- XA 



string A 



string A 



string B 



L= 



L= FH 



XCH 



A, @HL 



A, (®HL+ 



A, @HL- 



A, @rpa1 



XA, @HL 



A, mem 



XA, mem 



A, reg1 



(HL) 



2+S 



A«*(HL),thenL-«-L+1 



2+S 



A'H'(HL), thenL-L-1 



' (rpa1) 



XA ♦> (HL) 



> (mem) 



XA ** (mem) 



(reg1) 



L= 



L= FH 





XA, rp' 


2 


2 


XA«*rp' 


MOVT 


XA, ©RODE 


1 


3 


XA*-(PCi3_8+DE)rom 




XA, @PCXA 


1 


3 


XA-(PCi3.8+XA)rom 
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Mnemonic Operand 



Bytes Machine Cycie Operation 



SIcip Condition 



Transfer (cont) 



MOV1 



CY, fmem.bit 


2 


2 


CY - (fmem.bit) 


CY, pmem.@L 


2 


2 


CY ♦- (pmem7.2+ L3.2.bit(Li_o)) 


CY, @H+ mem.bit 


2 


2 


CY"*- (H+mem3.o.bit) 


fmem.bit. CY 


2 


2 


(fmem.bit) - CY 


pmem.@L, CY 


2 


2 


(pmem7.2+ i^2-bit(Li^)) *- CY 



@H+ mem.bit, CY 



(H+ mem3.o.bit) ♦- CY 



Arithmetic 



ADDS 



A, #n4 



XA, #n8 



A, @HL 



XA, rp' 



rp'1,XA 



AND 



A, #n4 



A,@HL 



XA, rp' 



rp'1,XA 



1 + S 



A -^ A+ n4 



2+S 



XA 4- XA+ n8 



1 + S 



A'.-A+(HL) 



2+S 



XA *- XA+ rp' 



2+S 



rp'1 *-rp'1+XA 



A-f-A A n4 



A-«-A A (HL) 



XA ^ XA A rp' 



rp'1 -^ rp'1 A XA 



Carry 



Carry 



Carry 



Carry 



Carry 



ADDC 


A, @HL 


1 


1 


A, CY<-A+(HL)+CY 






XA, rp' 


2 


2 


XA, CY-XA+rp'+CY 






rp'1,XA 


2 


2 


rp'1, CY"*- rp'1 + XA+CY 




SUBS 


A, @HL 


1 


1 + S 


A <- A-(HL) 


Borrow 




XA, rp' 


2 


2+S 


XA ♦- XA-rp' 


Borrow 




rp'1,XA 


2 


2+S 


rp'1 *- rp'1-XA 


Borrow 


SUBC 


A, @HL 


1 


1 


A, CY*-A-(HL)-CY 






XA, rp' 


2 


2 


XA, CY <r. XA-rp'-CY 






rp'I.XA 


2 


2 


rp'1,CY-rp'1-XA-CY 





OR 



A,#n4 



A, @HL 



XA, rp' 



rp'1,XA 



A««-AVn4 



A— aV (HL) 



XA-XAVrp' 



rp'1 <- rp'1 V XA 



XOR 



A, #n4 



A,@HL 



XA, rp' 



rp'1,XA 



A-«-AX0Rn4 



A<-AXOR(HL) 



XA^-XAXORrp' 



rp'1 *- rp'1 XOR XA 



Accumulator Manipulation 


RORC A 


1 


1 


CY*-Ao.A3-CY.An.i-An 


NOT A 


2 


2 


A<-'A 
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instruction Set (cont) 



Mnemonic Operand 



Bytes Machine Cycle Operation 



Sitip Condition 



Increment/decrement 



INCS 



reg 



rp1 



@HL 



SKE 



SET1 



mem. bit 



fmem.bit 



pmem.@L 



@H+mem.bit 



1 + S 



reg «- reg+ 1 



1 + S 



rp1 ♦- rpl + 1 



2+S 



(HL)^(HL) + 1 



2+S 



(mem) <- (mem)+1 



(mem.bit) «- 1 



(fmem.bit) «- 1 



(pmem7.2+ L3.2.bit(Li^)) •«- 1 



(H + mema-Q.bit) «- 1 



reg = 



rp1 = OOH 



(HL) = 



(mem) = 



DECS reg 


1 


1 + S 


reg *- reg-1 


reg = FH 


rp' 


2 


2+S 


rp' *- rp'-l 


rp' - FFH 


Comparison 



reg, #n4 


2 


2+S 


sicip if reg = n4 


reg = n4 


@HL. #n4 


2 


2+S 


skip if (HL) = n4 


(HL) = n4 


A,@HL 


1 


1 + S 


sl<ipifA= (HL) 


A = (HL) 


XA, @l-iL 


2 


2+S 


skipifXA= (HL) 


XA = (HL) 


A, reg 


2 


2+S 


skip if A = reg 


A= reg 



XA, rp^ 


2 


2+S 


skipifXA= rp' 


XA= rp' 


Carry Flag Manipulation 


SET1 CY 


1 


1 


CY*-1 




CLR1 CY 


1 


1 


CY*-0 




SKI CY 


1 


1 + S 


skip if CY = 1 


CY= 1 


NOT1 CY 


1 


1 


CY*-CY 




Memory Bit Manipulation 



CLR1 



mem.bit 



fmem.bit 



pmem.@L 



^H+ mem.bit 



(mem.bit) <- 



(fmem.bit) «- 



(pmem7.2+ L3.2.bit(Li.o)) ♦- 



(H + mems-Q.bit) *- 



SKT 



mem.bit 



fmem.bit 



pmem.@L 



^H.+ mem.bit 



2+S 



skip if (mem.bit) = 1 



2+S 



skip if (fmem.bit) ■ 



2+S 



skip if (pmem7.2+ L3.2.bit(Li^)) = 1 



2+^ 



skip if (H+ mem3.o.bit) = 1 



(mem.bit) = 



(fmem.bit) = 1 



(pmem.@L = 1) 



(@H+ mem.bit) 
= 1 



SKF 



mem.bit 



fmem.bit 



pmem.@L 



@H+ mem.bit 



2+S 



skip if (mem.bit) = 



2+S 



skip if (fmem.bit) = 



2+S 



skip if (pmem7.2+ L3.2.bit(Li.o)) = 



2+S 



skip if (H+ mem3.o.bit) = 



(mem.bit) = 



(fmem.bit) = 



(pmem.@L = 0) 



(@H+ mem.bit) 
= 
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Mnemonic Operand 



Bytes Machine Cycie Operation 



Si(ip Condition 



Memory Bit Manipulation (cont) 



SKTCLR 



f mem. bit 



pmem.@L 



2+S 



skip if (fmem.bit) = 1 and clear 



(f mem. bit) = 



24-S 



skip if (pmem7.2+ L3.2.bit(L-|.o)) = 1 and clear (pmem.@L = 1) 





@H+ mem.bit 


2 


2+S 


skip If (H+ mem3.o.blt) = 1 and clear 


(@H+ mem.bit) 
= 1 


AND1 


CY, fmem.bit 


2 


2 


CY «•- CY A (fmem.bit) 






CY, pmem.@L 


2 


2 


CY - CY A (pmem7.2+ L3.2.blt(Li.o)) 






CY @H+ mem.bit 


2 


2 


CY <- CY A (H+ mem3.o.blt) 




cm 


CY, fmem.bit 


2 


2 


CY*-CYV (fmem.bit) 






CY, pmem.@L 


2 


2 


CY ^ CY V (pmem7.2+ L3.2.bit(Li.o)) 






CY, @H+ mem.bit 


2 


2 


CY *- CY V (H+ mem3.o.b"it) 




X0R1 


CY, fmem.bit 


2 


2 


CY <- CY XOR (fmem.bit) 






CY, pmem.@L 


2 


2 


CY - CY XOR (pmem7.2+ L3.2.bit(Li^)) 






CY, @H+ mem.bit 


2 


2 


CY *- CY XOR (H+ mem3.o.bit) 




Branch 


BR (Note 1) 


addr 


- 


- 


PC13.0 *- addr 






laddr (Note 1) 


3 


3 


PC13.0 *- addr 






$addr 


1 


2 


PC13.0 ♦- addr 




BROB 


Icaddr 


2 


2 


PC13.0 *- PCi3.i2+caddrii.o 




BR 


PCDE 


2 


3 


PCi3-o*-PCi3-8+DE 






PCXA 


2 


3 


PCi3-0'^PCi3-8+XA 




Subroutine Steele Control 


CALL 


laddr 


3 


3 


(SP-4)(SP-1)(SP-2) *- PC11.0 
(SP-3) - (MBE, RBE, PC1312) 
PC-t3.o *- addr, SP *- (SP-4) 




CALLF 


If addr 


2 


2 


(SP-4)(SP-1)(SP-2) *- PC11.0 
(SP-3) *- (MBE, RBE, PC1312) 
PC13.0 *- 00. f addr, SP <- (SP-4) 




RET 






3 


(MBE. RBE, PCi3,i2)*-(SP+1) 

PCii-o*-(SP)(SP+3)(SP+2) 

SP*-(SP+4) 




RETS 






3+S 


(MBE, RBE, PCi3,i2)*-(SP+1) 

PCii.o*-(SP)(SP+3)(SP+2) 

SP t- (SP+4), then skip unconditionally 


Unconditional 


RETI 






3 


(PCi3.i2)-(SP+1) 

PCii.o*-(SP)(SP+3)(SP+2) 

PSW - (SP+4)(SP+5). SP <- (SP+6) 




PUSH 


rp 




1 


(SP-1)(SP-2) ♦- rp, SP <- (SP-2) 






BS 


2 


2 


(SP-1) *- MBS, (SP-2) *- RBS, SP <- (SP-2) 




POP 


rp 




1 


rp <- (SP+1)(SP), SP -e- (SP+2) 






BS 


2 


2 


MBS *- (SP+1), RBS *- (SP), SP <- (SP+2) 
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Instruction Set (cont) 


Mnemonic Operand 


Bytes 


Machine Cycle 


Operation 


SIcip Condition 


Interrupt Cont ro/ 


El 


2 


2 


IME<-1 




lExxx 


2 


2 


IExxx««-1 




Dl 


2 


2 


IME*-0 




lExxx 


2 


2 


lExxx ♦-0 




Input/Output (Note 2) 


IN A, PORTn 


2 


2 


A ".-PORTn; (n= 0to9, 12-14) 




XA, PORTn 


2 


2 


XA - PORTn+ 1, PORTn; (n = 4, 6, 8, 12) 




OUT PORTn, A 


2 


2 


PORTn<.-A; (n = 2 to 9, 12-14) 




PORTn, XA 


2 


2 


PORTn+ 1, PORTn ♦- XA; (n = 4, 6, 8, 12) 




CPU Control 


HALT 


2 


2 


Set HALT mode (PCC.2 -«- 1) 




STOP 


2 


2 


Set STOP mode (PCC.3 <- 1) 




NOP 


1 


1 


No operation 




Special 


SEL RBn 


2 


2 


RBS *- n; (n = 0-3) 




MBn 


2 


2 


MBS*-n;(n = 0,1,15) 





GETI 



taddr 



When the table is specified by the TBR 
instruction, 

PC11.O -*- (taddr)3.o + (taddr+1) 
When the table is specified by the TCALL 
instruction 

(SP-4){SP-1)(SP-2) <- PC11.0; 

(SP-3) - (MBE, RBE, PCi3,i2); 

PC13.0 *- (taddr)5.o + (taddr+1); 

SP *- SP-4 
When the table is specified by any other 
instructions, the (taddr), (taddr+1) instructions 
are executed. (Note 3) 



Depends on the 

referenced 

instruction 



Notes: 

(1) Appropriate instructions are selected from BR laddr, BROB 
Icaddr, and BR $addr by the assembler. (BR iaddr Is not available 
onthe/iPD75104/104A) 

(2) When executing the IN/OUT instruction, either MBE must be 
reset to 0, or MBE and MBS must be set to 1 and 15, respectively. 



(3) TBR and TCALL are pseudoinstructions used only to specify 
these tables. 
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Tables, 


Digital Port Features 




Port Number Type 


Operational Features 


Comments 


Porto 


4-bit input 


Can be read or tested at any time regardless of 
the functional mode of the shared pins. 


Pins are also used for SI, SO, SCK, and INT4. 


Port1 


4-bit input 


Can be read or tested at any time regardless of 
the functional mode of the shared pins. 


Pins also used for INT0-INT3. 

On the/iPD75104A/108A, internal pull-up 

resistors are available for each line as a mask 

option. 


Ports 
Porte 


4-bit I/O 


Can be set for input or output mode in 1-bit 
units. 


On the JL/PD75104A/108A, internal pull-up 
resistors are available for each line of port 6 as 
a mask option. 


Port 2 
(Note 1) 


4-bit I/O 


Can be set for input or output mode in 4-blt 
units. 


Pins are also used for PTOO, PT01 , and PCL 



Port 4 
Ports 
Port? 
Ports 
Port 9 
(Note 1) 



4-bit I/O Can be set for input or output mode in 4-bit 

units. 

Ports 4-5, 6-7, and 8-9 can be paired together to 
enable 8-bit data transfers. 



On the/iPD75104A/108A, internal pull-up 
resistors are available for each line as a mask 
option. 



Port 12 




4-bit I/O 


Can be set for input or output mode in 4-blt 


Except for AiPD75P108/P1 16, internal pull-up 


Port 13 






units; Ports 12 and 13 can be paired to form a 


resistors are available for each line as a mask 


Port 14 






single 8-bit I/O port. 


option. 


(Notes 1 , 


2) 









Notes: 

(1) Ports 2-9 and 12-14 can directly drive LEDs. Total current must 
not exceed 200 mA (peak). 



(2) The output stage of ports 12-14 contains an N-channel open-drain 
transistor capable of withstanding 12 V. 



Input/Output Ports 

There are thirteen 4-bit ports; some are I/O ports and 
some are input only. Figure 4 shows the structure of the 
ports and table 5 lists the features. Figure 4 also shows 
the structure of inputs and outputs of the other pins. 

Clock Generator 

The clock generator (figure 5) uses the crystal inputs X1 
and X2 as a time base to provide clocks for the 
/iPD751xx/P1xx . The generator consists of an oscilla- 
tor, frequency dividers, multiplexers, and two control 
registers, (PCC and CLOM). By programming PCC and 
CLOM, frequencies derived from the crystal are sup- 
plied to the CPU, the interval timer, the timer/event 
counter, the serial interface, and the output pin, PCL 



The PCC register controls the HALT and STOP logic and 
can also be used to set the CPU to operate at one of 
three speeds. The CLOM register controls the output 
clock PCL 

Basic Interval Tinner 

The basic interval timer (figure 6) is used to provide 
continuous real-time interrupts. It consists of a multi- 
plexer, an 8-bit free-running counter, and a 4-bit control 
register (BTM). Each time the counter reaches FFH it 
causes an interrupt, overflows to OOH and continues to 
count. The BTM register is used to select one of four 
clock inputs to the counter as well as clear the counter 
and its Interrupt request. The counter can generate 250 
ms interrupts with a 4.19 MHz crystal and also provides 
oscillator stabilization time when the chip comes out of 
the STOP mode. 
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Figure 4. i/O Circuits 



Type A 

(for Type E) 



vdd 




Input 



CMOS standard input buffer 

Type B 

(POo,P03,P1o-Pl3,TIO,TI1. RESET) 

Vdd 

Pull-Up Resistor . 

(Masl< option [ 

available at PI0-PI 3 ^ 

for75l04Aand75108A) T 

Input o i |£f 



Schmitt trigger input with 
hysteresis characteristic. 



TypeD 

(For Type E, F) 



Vdd 



Output Disable - 



i5 



CHI 

J^)o — ^ N-ch 



5 Output 



Push-pull output where output can be placed in high 
impedance. P and N channels are turned off. 

(P02,P2o-P23.P3o-P33) 



Data- 
Output Disable - 



TypeD 



Type A 



'peA^ 



Input/Output circuit composed of a Type D push-pull 
output and a Type A input buffer. 



Type E-A 

(P40-P43, P50-P53, P60-P63. 
P70-P73, P80-P83, P90-P93) 



Vdd 



Data- 
Output Disabie- 



TypeD 



Type A 






Pull-Up Resistor 
(Mask Option for 
75104A and 751 08A only) 
— o In/Out 



Input/output circuit composed of a Type D push-pull 
output and a Type A input buffer. 



TypeF 

(PO1) 



Data- 
Output Disable - 



Type D 



TypeB 



rpeB^ 



> In/Out 



Input/output circuit composed of a Type D push-pull 
output and a Type B Schmitt trigger input. 

Type M-A 

(PI20-PI23. P130-P133. P140-P143) 



Vdd 



Pull-Up Resistor 

(Mask option not available 

in75P108or75P116) 






Data 
Output Disable 



=DHEr;i5v, 



■^ 



Medium Voltage Input Buffer (+12 V) 

Type N 

(PTHO0-PTHO3) 



Comparator 




Ino^ 



Vref 

(Threshold Voltage) 
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Figure S. Clock Generator 



r 

XTALCZH 



Data Bus<- 



X1 

System 
Oscillator 

X2 

STOP 



STOP 
Logic 



-^ Interval Timer: fxx/25. fxx/2"7, ^^^/2Q , f^x/al 2 

-> Timer/Event Counter: fxx/24, fxx/26, fxx/28, f^y^/2^Q, hx'^^"^ 

-*■ Serial Interface: (CPU Clock), fxx/2'^, fxx/2''° 



Frequency Divider 
1/2 1/8 1/16 



CPU Clock Multiplexer 
SEL Output 



7U- 



HALT 
Logic 



PCC Register 



V 



Multiplexer 



(to CPU) 



-o P22/PCL 



CLOM Register 



V 



Figure 5. Basic Interval Timer 



fxx/25- 

fxx/27- 

fxx/29- 

txx/2l2- 



Muitiplexer 



Internal r 



V 



BTM 
Control 
Register 



V 



8-Bit Binary 
Counter 



J <i/ 



Interrupt 

Request 

Flag 



Vector 

^•Interrupt 

Request 
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Timer/Event Counters 

Each of the two timer/event counters (figure 7) consists 
of an 8-bit modulo register, 8-bit comparator, 8-bit 
count register, clock multiplexer, mode control register, 
and a TOUT flip flop. There Is also some control logic so 
that the timer's TOUT flip flop can be sent to port 2. 

The two timers differ only by the clock selection to the 
count register. Timer has an fxx/16 clock input, and 
Timer 1 has an fxx/4096 clock Input. TIO and TI1 can also 
be used as external clock inputs to count events. 

An 8-bit value is loaded into the modulo register, and a 
count register clock Is selected by the clock multiplexer, 
via control register TMO (or TM1 for counter 1). The 
count register is incremented each time It receives a OP 
pulse. When the value in the count register is equal to 
the count in the modulo register, the comparator gen- 
erates a signal which toggles the TOUT flip flop and 
causes the count register to be reset to OOH. The count 
register will continue to count up unless stopped. Each 
time TOUT changes state it causes an interrupt. This 
signal can also be used as a clock for the serial 
Interface. 



Serial Interface 

The 8-bit serial interface (figure 8) allows the 
jLiPD751xx/P1xx to communicate with other NEC or 
NEC-like serial interfaces. It consists of an 8-blt shift 
register, 3-bit counter, clock multiplexer, and control 
register SIOM. The three-wire interface consists of the 
serial data In (SI), serial data out (SO), and serial shift 
clock (SCK). 

The 8-bit shift register is loaded with a byte of data, and 
when bit 3 of SIOM Is set, 8 clock pulses are generated. 
These pulses shift data out the SO line and data in from 
the SI line, thus, communicating in full duplex. Each 
time bit 3 of SIOM is set, a burst of eight clock pulses Is 
generated and eight bits of data will be sent. Data may 
be sent either LSB or MSB first. The interface may also 
be set to receive data only; in this case SO is In the 
high-impedance state. One of four internal clocks or an 
external clock may be used to clock the data 



Figure 7. Timer/Event Counter 
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Comparator Port 

The four-input comparator port (figure 9) contains a 
resistor ladder with 4-bit resolution, a 4-1 multiplexer, a 
comparator, a 1-4 demultiplexer, and an Input result 
register, PTHO. This port is controlled by the 8-bit PTHM 
register and operates in a sequential manner. When bit 
7 of the PTHM starts the comparator, the comparator 
reads and converts input PTH3, then the others in order, 
ending with PTHO. Then the PTHO register may be read 
to get the results. 

The user may select a slow or fast conversion time. 
With a 4.19 MHz crystal, total time required to convert 
all four inputs is 258 /is and 32.3 /is, respectively. 

Bit Sequential Buffer 

The bit sequential buffer is 16 bits of general-purpose 
RAM located in the upper half of memory bank 15, and is 
the only general-purpose RAM in this area All other 
locations in this bank contain either the on-chip periph- 
eral control registers or are unused addresses. A typical 
application of this buffer might be to store data for the 
next serial output or to store data from a serial input. It 
could also be used to store data which is to be sent from 
a port. This area can be bit, nibble, or byte manipulated. 

Interrupts 

The/iPD751xx/P1xx family interrupts (figure 10) are all 
vectored; there are five external and four internal inter- 
rupts. Table 4 gives a summary of the interrupts. The 
hardware provides two levels of Interrupt nesting; Inter- 
rupt priorities can be changed via register IPS. Inputs 
INT2 and INT3 will detect rising edges and generate an 
interrupt request flag which is testable. Neither INT2 nor 
INT3 will cause an interrupt, but they can be used to 
release the STANDBY mode. 



Figure 5L Seriai Interface Block Diagram 
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Figure 10, interrupt Controiier Biocic Diagram 



1NT4/P00 - 



INTo/PIO - 



TV 



Interrupt Enable Flag 
, , , (lEXXX) , , , 



Double Edge 
Detection Circuit 



Edge 
Detection Circuit 



INT1/PI1 - 



Edge 
Detection Circuit ^~^ 



MUO- 



INT2/PI2 ■ 



Rising Edge 
Detection Circuit 



INT3/PI3 



Rising Edge 
Detection Circuit 



NZ 



IRQ4 



IRQO 



IRQTO 



IRQT1 



IRQ3 



D 



O 



O 



O 



O 



D- 



D- 



O 



(IME)' IPS 



TT 



1ST 



1 r 7 






O 



Interrupt 

Request 

Flags 



^ 



Priority 
Control 



^ 



Vector 

Table 

Address 

Gen 



F- 



Standby 
Release 
Signal 



Standby Modes 

The standby mode is summarized in table 7 and con- 
sists of tliree submodes, HALT, STOP, and Data Reten- 
tion. 

HALT mode. The HALT mode is entered by executing 
the HALT instruction. In this mode, the clock to the CPU 
is shut off (thus stopping the CPU), while all other parts 
of the chip remain fully functional. 

STOP mode. The STOP mode is entered by executing 
the STOP instruction. In this mode, the chip's main 
system oscillator is shut off, thereby stopping all por- 
tions of the chip. 



The HALT and STOP modes are released by a RESET or 
by any interrupt request. 

Data Retention mode. This mode may be entered after 
entering the STOP mode. Here, supply voltage Vpo may 
be lowered to 2 volts to further reduce power consump- 
tion. The contents of the RAM and registers are re- 
tained. This mode is released by first raising Vdd to the 
proper operating range, then releasing the STOP mode. 
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Tables. 


interrupt Sources 








Interrupt 
Source 


operation and Source 


Internal/ 
External 


interrupt 
Priority 


Vectored Interrupt Request Signal 
(Vector Table Address) 


INTBT 


Reference time interval signal from basic 
interval timer 


Internal 


1 


VRQ1 (002H) 


INT4 


Both rising and falling edge detection 


External 




INTO 


Selection of rising or falling edge detection 


External 


2 


VRQ2(0004H) 


INT1 


Selection of rising or falling edge detection 


External 




INTSIO 


Serial data transfer completion signal 


Internal 


3 


VRQ3 (0006H) 


INTTO 


Coincidence signal between timer/counter 0, 
or edge detection of TIO input 


Internal/External 


4 


VRQ4 (0008H) 


INTT1 


Coincidence signal between timer/counter 1 , 
or edge detection of TI1 input 


Internal/ External 


5 


VRQ5 (OOOAH) 


INT2 


Rising edge detection 


External 


Testable Input 


signals (IRQ2 and IRQ3 are set) 


INT3 


Rising edge detection 


External 




Tabier. 


Standby Mode Operation 








Item 


STOP Mode 




HALT i\/lode 




Setting the mode STOP Instruction 




HALT Instruction 




Clock oscillator The main system clock oscillator is stopped 


Only CPU clock is stopped (oscillation continues) 


Basic interval Operation stopped 
timer 




Can Operate (IRQBT Is set by reference time interval) 


Serial interface Can operate only when external 8CK Input is 
selected for serial clock. (Note 1) 


Can operate if other than CPU clock is specified as 
serial clock 


Timer/event 
counter 


Can operate only when Tin (n = 0, 
is selected for count clock 


, 1) pin input 


Can operate 




Clock outpul 
circuit 


t Stops operation 




Can operate if other than CPU clock (j) is specified 


CPU 


Operation stopped 




Operation stopped 


Retained data Contents of ail registers (general registers, flags, mode registers, and output latches) and contents of data 
memory retained 


Release signal Interrupt requeist signal (enabled with interrupt enable flag) from operating hardware or RESET 



Notes: 

(1) Can also operate with TIO selected as the serial clock, but only 
when Timer/Event Counter is operated with an external TIO 
input. 
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RESET and the Reset Generator 

The power-on-reset (POR) generator (figure 11) is al- 
ways present in tlie /iPD75P108, not present in tlie 
/iPD75P116, and available by mask option in the mask 
ROM devices. 

The POR circuit generates a one-shot pulse by detect- 
ing the supply voltage rising edge. Use of this pulse is 
determined by mask option: 

(1) Both SV\^ and SWB are ON . 

When the power supply rising edge is detected, 
the internal reset signal (RES) is generated and 
the power-on flag (PONF) is set at the same time. 

(2) SWA only is ON. 

When the po wer supply rising edge is detected, 
PONF is set. (RES is not generated automatically.) 

(3) Both SWK and SWB are OFF. 

The power-on res et gen erator and and power-on 
flag are disabled. RES is generated only by the 
RESET input. 

Table a State of the Device after Reset 



Figure 1 1. Power-Oih-Reset Signai Generator and 
PONF 
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Program counter (PC) 



The six low-order bits of program memory address OOOH are loaded 
into PC13-PC8. The contents of address 0001 H are loaded into 
PC7-PC0. 



PSW 



Carry f lag (OY) 


Held 


Undefined 


Slcip flags (SKO, SKI, SK2) 








Interrupt status flags (ISTO, IST1) 











Bank enable flags (MBE, RBE) 


Bit 6 of program memory 
7 into MBE. 


address OOOH is loaded into RBE and bit 


Stack pointer (SP) 




Undefined 


Undefined 


Data memory (RAM) 




Held (Note 1) 


Undefined 


General purpose registers 
(X,A, H,L, D, E, B,C) 




Held 


Undefined 


Bank selection registers 
(MBS, RBS) 




0,0 


0,0 


Basic interval timer 


Counter (BT) 


Undefined 


Undefined 




Mode register (BTM) 









Timer/event counter 
(n=0, 1) 



Counter (Tn) 



Modulo register (TMODn) 



FFH 



FFH 



Mode register (TMn) 





TOEn,TOFn 


0,0 


0,0 


Serial interface 


Shift register (SIO) 


Held 


Undefined 




Mode register (SiOM) 
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Table 8. Siate of the Device after Reset (cont) 






RESET Inputted 


Hardware 


RESET inputted 
During Standby Mode 


During Normal Operation 
or Power-on 


Clock generator Processor clock control register 
and clock output circuit (PCC) 








Clock output mode register 
(CLOM) 









Interrupt function 



Interrupt request flags (IRQxxx) 



Reset too 



Interrupt enable flags (lExxx) 



Priority selection register (IPS) 



INTO, and INT1 mode registers 
(IMO, IM1) 



0,0 



Reset to 



0,0 



Digital ports 



Output buffers 



Off 



Output latches 



Cleared (to 0) 



Notes: 

(1) Addresses 0F8H to OFDH are undefined after RESET 

(2) This value Is 1 upon power-on-reset and undefined during normal 
operation. 

EPROM Write/Verify 

The JL/PD75P108 contains 8192 bytes of EPROM, while 
the)L/PD75P116 has 16256 bytes. Table 9 shows the pin 
functions during the VWiteAiferify cycles. Note that it is 
not necessary to enter an address, since the address is 
updated by pulsing the clock pins. When Vdd = 6 V and 
Vpp = 21 V in the /iPD75P108 (or Vrr = 12.5 V in the 
/iPD75P116) are applied, the EPROM is placed in the 
write/verify mode. The operation is selected by the 
MD0-MD3 pins, as shown in table 10. 



Off 



Cleared (to 0) 





Input/output mode registers 
(PMGA, PMGB.PMGC) 








Bit sequential buffer 










Analog port 


PTHOO-03 input latches 


Undefined 


Undefined 




IVIode register (PTHIVI) 








Power-on flag (PONF) 




Undefined 


1, Undefined (Note 2) 


Bit sequential buffer 
(BSBO-3) 











Table ft EPROM Write/Vbrify Pin Functions 



Pin Name 


Function 


X1,X2 


After a write/verify write, the X1 , and X2 clock 
pins are pulsed. (Note that these pins are 
also pulsed during a read.) 


IVID0-MD3 


These are the operation mode selection pins. 


P40-P43 

(four low- order bits) 

P50-P53 

(four high-order bits) 


8-bit data input/output pins for write/verify 


Vdd 


Supply voltage. Normally 5 volts; 6 volts is 
applied during write/verify 


Vpp 


Normally 5 volts; Vpp = 21 V in the 
JL/PD75P108 (or Vpp = 12.5 V in the 
/iPD75P116) during write/verify 



Notes: 

(1) A cover should be placed over the UV erase window. The OTP 
devices do not have windows, thus the EPROM contents cannot 
be erased. 
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Caution 

Apart f rom their normal functions, The P0p/INT4 and 
RESET pins are used to test the internal operation of 
the programmable devices. The test mode is entered by 
applying a voltage greater than Vdd to either of these 
pins. 

For this reason, care must be taken to limit the voltage 
applied to these two pins. For example, it is conceivable 
that even during normal operation enough spurious 
noise may be present to set the chip into the test mode. 
If this happens, further normal operation is impossible. 
Consequently, it is important that interwiring noise be 
suppressed as much as possible. If this is inconvenient, 
anti-noise measures, like those shown in figure 12, 
should be implemented. 

The write/verify mdde is entered by applying 6 volts to 
Vdd and Vpp = 21 V in the /iPD75P108 (or Vpp = 12.5 V 
in the/iPD75P116). Mode Is determined by the setting of 
the MD0-MD3 pins; all other pins are tied to ground by 
pulldown resistors. 

Figure 12. Noise Reduction Teciiniques 



TabielO, Wriie/Vbrify Operation 

Vpp = 21 V In the/iPD75P108, Vpp = 12.5 in the/iPD75P116, 
Vdd = +6.0 V 



A. Connection of diode between 
P00/INT4 or RESET and Vqd 


S3RD-7149A 
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I 


Vdd 




P00/INT4 (RESET) 


B. Connection of capacitor be 
POo/iNT4 or RESET and Vp 


'tween 

D 


1 
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1 


Vdd 
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Operation l\/lode Specification 


IVIDO IVID1 


l\/ID2 


IVID3 


Operatidn iViode 


1 


1 





Clear program memory address 


1 


1 


1 


Write rhode 





1 


1 


Verify mode 


1 X 


1 


1 


Program inhibit 



Notes: 

(I) X = bont care. 

EPROM Write/Verity Procedure 

EPROMs can be written at high speed using the follow 
ing procedure: 

( 1) Pull unused pins to Vss through resistors. Set the 
XI pin low. 

( 2) Supply 5 volts to the Vdd and Vpp pins. 

( 3) Wait for 10 /is. 

( 4) Select the dear program memory address mode. 

( 5) For the/iPD75P108, supply 6 volts to Vdd and 21.0 
volts to Vpp. For the /iPD75P116, supply 6 volts to 
Vdd. and 12.5 vblts to Vpp. 

( 6) Select the program inhibit mode. 

( 7) VWite data In the 1 ms write mode. 

( 8) Select the program inhibit mode. 

( 9) Select the verify mode. If the data is correct, 
proceed to step 10. If not, repeat steps 7, 6, and 9. 

(10) Perform one additional write with an MDO pulse 
width equal in ms to the number of writes per- 
formed In step 7, times 1 ms. 

(II) Select the pAO^rrarr? //7/7/M mode. 

(12) Apply four pulses to the XI pin to Increment the 
program memory address by one. 

(13) Repeat steps 7-12 until the end address is reached. 

(14) Select the clear program memory address mode. 

(15) Return the Vdd and Vpp pins back to + 5 volts. 

(16) Turn off the power. 
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Figure 13, EPROM Wnte/Verify Cycle riming 
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EPROM Read Procedure 

The EPROM contents can be read by using the follow- 
ing procedure: 

( 1) Pull unused pins to Vss through resistors. Set the 
X1 pin low. 

( 2) Supply 5 volts to the Vqd and Vpp pins. 

( 3) Wait for 10 A/s. 

( 4) Select the clear program memory address mode. 

( 5) For the /iPD75P108, supply 6 volts to Vdd and 21.0 
volts to Vpp. For the /iPD75P116, supply 6 volts to 
Vdd. and 12.5 volts to Vpp. 



( 6) Select the propram/n/7/d/f mode. 

( 7) Select the verify mode. Apply four pulses to the XI 
pin. Every four clock pulses will output the data 
stored in one address. 

( 8) Select the pro^rrar?? /r7/7/M mode. 

( 9) Select the clear program memory address mo6e. 

(10) Return the Vdd and Vpp pins to + 5 volts. 

(11) Turn off the power. 
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Figure 14, EPROM Read Cycle Timing 
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Program Memory Erase OiPD75P108DW only) 

The /iPD75P108DW allows the programmed data con- 
tents to be erased by light rays whose wavelength is 
shorter than about 400 nm. The programmed data 
contents may also be erased If the uncovered window Is 
exposed to direct sunlight or a fluorescent light for 
several hours. Thus, to protect the data contents, cover 
the window with an opaque film. NEC provides quality- 
tested shading film with each UV EPROM shipment. 



For normal EPROM erase, place the device under an 
ultraviolet light source (254 nm). The minimum amount 
of radiation exposure required to erase the 
jLzPD75P108DW completely Is 15 Ws/cm^ (ultraviolet ray 
strength times erase time). This corresponds to about 
15 to 20 minutes when using a UV lamp of 12 Vpp/iW/ 
cm2. However, the erase time may be prolonged if the 
UV lamp Is old or If the device window is dirty The 
distance between the light source and the window 
should be 2.5 cm or less. 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings (/l/PD751xx) 

Ta = 25°C 



Supply voltage, Vpo 


-0.3 to +7.0 V 


Input voltage, Vj^ (ports 12-14) 


-0.3 to Vdd + 0.3 V 


Input voltage, V|2 (ports 12-14; 
Internal pull-up resistor ) 


-0.3 to Vdd + 0.3 V 


Input voltage, V|2 (ports 12-14; 
open drain ) 


-0.3 to + 13 V 
(Note 1) 


Output voltage, Vq 


-0.3 to Vdd + 0.3 V 


High-level output current, Iqh 
(Single pin) 


-15 mA 


High-level output current, Iqh 
(Total of all pins) 


-30 mA 


Low-level output current, Iql 
(Single pin) 


30 mA pk 
15 mA rms (Note 2) 


Low-level output current, Iql 
(Total of ports 0, 2-4, 12-14) 


100 mA pk 
60 mA rms (Note 2) 


Low-level output current, Iql 
(Total of ports 5-9) 


100 mA pk 
60 mA rms (Note 2) 



Operating temperature, topj 



-40 to + 85°C 



Storage temperature, tsjG 



-65 to + 150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

Notes: 

(1) When applying more than 10 V to ports 12, 13, or 14, the external 
pull-up resistor must be at least 50 kO. 

(2) rms value = pk x (duty cycle) ^A 



Capacitance (juPD751xx) 

Vdd = V; Ta = 25°C 



Parameter 


Symbol 


Max 


Unit 


Conditions 


Input capacitance 


C|N 


15 


pF 


f = 1 MHz; 


Output capacitance 


Cqut 


15 


PF 


all unmeasured 
. pins returned 
to ground 


I/O capacitance 


C|0 


15 


pF 



Oscillator Characteristics (All devices) 

/iPD751xx: Ta = -40 to + 85°C; Vdd = 2.7 to 6.0 V 
/iPD75P108: Ta = -10 to +85°C; Vdd = 4.5 to 5.5 V 
/iPD75P116: Ta = -40 to +85*'C; Vdd = 4.5 to 5.5 V 



Oscillator 


Parameter 


Symbol 


IVIin 


Typ 


Max 


Unit 


Conditions 


Ceramic resonator 


Oscillation frequency (Note 1) 


fxx 


2.0 




5.0 


MHz 




(Figure 15A) 


Oscillation stabilization time (Note 2) 








4 (Note 3) 


ms 


After Vdd reaches 
oscillation voltage 


Crystal resonator 


Oscillation frequency (Note 1) 


fxx 


2.0 




5.0 


MHz 




(Figure 15A) 


Oscillation stabilization time (Note 2) 








10 (Note 3) 


ms 


Vdd = 4.5 to 6.0 V 










30 (Note 3) 


ms 




External clock 


XI input frequency (Note 1) 


fxx 


2.0 




5.0 


MHz 




(Figure 15B) 


XI Input high/low level width 


tXH. tXL 


100 




250 


ns 





Notes: 

(1) The oscillation frequency and X1 input frequency are included 
only to showthe characteristics of the oscillators. Referto the AC 
Characteristics table for actual instruction execution times. 

(2) The oscillation stabilization time is the time required for the 
oscillator to stabilize after voltage is applied or the STOP mode is 
released. 



(3) Values shown are for the recommended resonators. Values for 
resonators not shown in this data sheet should be obtained from 
the manufacturer's spec sheets. 
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Figure IS, 


System Clock Contigurations 
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Recommended Ceramic Resonators Ol/PD751xx) 



Manufacturer 


Part Number 


CI 
(PF) 


C2 
(pF) 


Remarks 


Murata 


CSA 2.00MG 


30 


30 


Vdd= 2.7 to 6.0 V 




GSA4.19MG 


30 


30 


Vdd= 3.0 to 6.0 V 




CSA4.19MGU 


30 


30 


Vdd = 2.7 to 6.0 V 




CST4.19T 
(Note 1) 


— 


■— 


Vdd= 3.0 to 6.0 V 


Kyocera 


KBR-2.0MS 

KBR-4.0MS 

KBR-4.19MS 

KBR-4.9152M 


100 

33 
33 
33 


100 

33 
33 
33 


Vdd = 3-0 *o 6.0 V 



Notes: 

(3) 01 and 02 are contained in the oscillator. 



Recommended Crystal Resonator (juPD751xx) 








Manufacturer Frequency (MHz) Part Number (note 1) 


C1 (pF) 


C2(pF) 


Remarks 


Kinseki 4.19 HO-49/U 


22 


22 


Vdd = 2.7 to 6.0 V 



Notes: 

(1) Equivalent series resistance of crystal must be less than 80 Q 

Comparator Characteristics (All devices) 

/yPD751xx: Vdq = 4.5 to 6.0 V; Ta = -40 to +85°C 
)wPD75P108: T^ = -10 to +85°0; Vdd = 4.5 to 5.5 V 
/iPD75P116: Ta = -40 to +85°0; Vdd = 4.5 to 5.5 V 



Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Conditions 


Oomparison accuracy 


Vacomp 






±100 


mV 




Threshold voltage 


VtH 







Vdd 


V 




PTH input voltage 


ViPTH 







Vdd 


V 




Comparator consumption 
current 


'COMP 




1 




mA 


Set PTHM7 to 1 
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DC Characteristics (]l/PD751xx) 

Ta = -40 to +85°C; Vdd = 2.7 to 6.0 V 



Parameter 



Symbol 



MIn 



Typ 



Max 



Unit Conditions 



High-level input voltage 



O.TVdd 



Vdd 



Except ports 0, 1, 12-14, TIO, TI1, RESET, XI, X2 



V|H2 



O.SVdd 



Vdd 



Ports 0,1, TIO, Til and RESET 



V|H3 



O.TVdd 



Vdd 



Ports 12-14; built-in pull-up resistor 



O.TVdd 



12 



Ports 12-14; open drain 





V|H4 


Vdd-0.5 


Vdd 


V 


XI, X2 


Low-level input voltage 


VlL1 





0.3Vdd 


V 


Except ports 0, 1, TIO, Til, RESET, XI, X2 




V|L2 





0.2Vdd 


V 


Ports 0,1, TIO, TI1 and RESET 




V|L3 





0.4 


V 


XI, X2 


High-level output voltage 


VoH 


Vdd-1-0 




V 


Vdd = 4.5 to 6.0 V; Iqh = -1 mA 




Vdd-0.5 




V 


Vdd = 2.T to 6.0 V; Iqh = -100 /iA 



Low-level output voltage 



Vol 



0.35 



2.0 



Ports 0, 2-9; Vdd = 4.5 to 6.0 V; Iol= 15 mA 



0.35 



2.0 



Ports 12-14; Vdq = 4.5 to 6.0 V; Iol= 10 mA 



0.4 



Vdd= 4.5 to 6.0 V; Iol= 1.6 mA 











0.5 


V 


l0L= 400 /iA 


High-level input leakage current 


'lihi 






3 


M 


All except XI, X2, and ports 12-14; V|n = Vdd 




IlIH2 






20 


/jA 


X1,X2;V,N= Vdd 




'lIH3 






20 


M 


Ports 1 2-1 4 (with open drain) ; V|n = 1 2 V 


Low-level input leakage current 


^LIL1 






-3 


/iA 


All except XI, X2;V|N= OV 




'lIL2 






-20 


/iA 


X1,X2;V|N=0V 


High-level output leakage current 


•lohi 






3 


/iA 


Other than Ports 12-14; Vqut = Vdd 




IlOH2 






20 


/iA 


Ports 12-14 (open drain); Vqut = 12 V 


Low-level output leakage current 


'lol 






-3 


/iA 


VouT=OV 


Internal pull-up resistor 


•^L 


15 


40 


TO 


kQ 


Ports 12-14; Vdd = 5.0 V ± 10% 




10 




80 


kQ 


Ports 12-14 



Supply current (Note 1) 



'ddi 



mA Vdd = 5 V ± 10% (Notes 2, 3) 





0.55 


1.5 


mA 


Vdd = 3 V ± 10% (Notes 3, 4) 


IdD2 


600 


1800 


/iA 


HALT mode; Vqd = 5 V ± 10% (Note 3) 




200 


600 


/iA 


HALT mode; Vdd = 3 V ± 10% (Note 3) 



IdD3 



0.1 



10 



/iA STOP mode; Vdd = 3 V ± 10% 



Notes: 

(1) Does not include pull-up resistor current, current through the 
power-on-reset circuit, or comparator current. 

(2) When operated in the high-speed mode with the processor clock 
control register (PCC) set to 0011. 



(3) i^= 4.19 MHz; CI = 02= 22 pF. 

(4) When operated in the low-speed mode with the PCC set to 0000. 
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Figure 16. DC Characteristics {[jPOlSIxy) 
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Figure 16, DC Characteristics Ol/PD751xx) (cont) 



Idd vs Vdd (4.19 MHz Ceramic Resonator) 
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Figure 16. DC Characteristics (/iPD751xx) (cont) 
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Figure 16. DC Characteristics (|L(PD751xx) (cont) 
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Power-on-Reset Circuit Characteristics (All devices exept/iPD75P1 16.. .notes 3, 4) 

/iPD751xx: Ta = -40 to +85''C 
/iPD75P108: Ta = -lOto +85°C 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Power-on reset voltage, high 


Vddh 


4.5 




Voomax 


V 


/iPD751xx:VDDmax= 6.0 V 
A/PD75P108: Vqd max = 5.5 V 


Power-on reset voltage, low 


Vddl 







0.2 


V 




Power supply voltage rise time 


V 


10 




(Note 1) 


//s 




Power supply voltage off time 


toff 


1 






s 




POR circuit consumption circuit ; 


'ddpr 




10 


100 


HA 


Vdd=5V±10% 


/iPD75108 only (Note 2) 




2 


20 


M 


Vdd=2.5V 



Notes: 

(1) 2^7/i^ (31 .3 ms at fxx = 4.19 MHz) 

(2) Current consumed when POR circuit or power-on flag is provided 
internally. 

Power-OihReset Timing 




(3) Power supply voltage must be raised smoothly. See "Power-On- 
Reset" timing diagram. 

(4) Power- on-reset circuit is available as a mask option on on all 
)l/PD751xx devices, is always provided with the /iPD75P108, and 
not available on the JL/PD75P1 16. 



AC Characteristics (|l/PD751xx) 

Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V 



Parameter 


Symbol 


IVIin 


Typ 


Max 


Unit 


Conditions 


Cycle time 


tcY 


0.95 




32 


fJB 


Vdd = 4.5 to 6.0 V 


(Note 1) 




3.8 




32 


//S 


Vdd = 2.7 to 6.0 V 


TIO, Til input frequency 


fri 







1 


MHz 


Vdd = 4.5 to 6.0 V 











275 


kHz 


Vdd = 2.7 to 6.0 V 


TIO, Til input high- and low-level width 


triH. tjiL 


0.48 






fJS 


Vdd = 4.5 to 6.0 V 






1.8 






//s 


Vdd = 2.7 to 6.0 V 



SCK cycle time 



tKCY 



0.8 



0.95 



3.2 



3.8 



/iS 



Input; Vdd = 4.5 to 6.0 V 



/iS 



Output; Vdd = 4.5 to 6.0 V 



//s 



Input; Vdd = 2.7 to 6.0 V 



/iS 



Output; Vdd = 2.7 to 6.0 V 



SCK high and low level width 



tKH. ^KL 



0.4 



0.5 tKCY-50 



1.6 



0.5 tKCY-ISO 



/iS 



Input; Vdd = 4.5 to 6.0 V 



Output; Vdd = 4.5 to 6.0 V 



/iS 



Input; Vdd = 2.7 to 6.0 V 



Output; Vdd = 2.7 to 6.0 V 
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AC Characteristics {|JPD75^yx) (cont) 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SI vsSCKt setup time 


tslK 


100 






ns 




SI vsSCKt hold time 


tKSI 


400 






ns 




SCK i to SO output delay time 


tKSO 






300 


ns 


Vdd= 4.5 to 6.0 V 








1000 


ns 


Vdd = 2.7 to 6.0 V 


INT0-iNT4 high- and low-level width 


t|NTH. 
tiNTL 


5 






A/s 




RESET low level width 


tRSL 


5 






/iS 





Notes: 



(1) Cycle time (minimum instruction execution time is determined 
by the frequency of the oscillator connected to the microcom- 
puter, system clock control register (SCO), and the processor 
clock control (PCC). See figure 17. 

Figure 17. Guaranteed Operating Range 
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Figure 18C, Serial Transfer Timing 
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Data Memory STOP Mode, 

Ta= -40to+85*'C 


Low Voltage Data Retention Characteristics (|l/PD751xx) 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Data retention voltage 


Vdddr 


2.0 




6.0 


V 




Data retention current (Note 1) 


'dddr 




0.1 


10 


/iA 


VdDDR=2.0V 


Release signal set time 


*SREL 









/iS 




Oscillation stabilization time (Note 2) 


%AIT 




2^7/f,, 




8 


Release by RESET input 






(Note 3) 




ms 


Release by interrupt request 



Notes: 

(1) Excludes current in the pull-up resistors, power-on-reset circuit, 
and comparator. 

(2) Consult the manufacturer's resonator or crystal spec sheet for 
this value 

(3) Oscillation stabilization WAIT time is the time during which the 
CPU is stopped and the crystal is stabilizing. This time is 
required to prevent unstable operation while the oscillation is 
started. The Interval timer can be used to delay the CPU from 
executing instructions using the the basic interval timer mode 
register (BTM) according to the following table: . 

BTM3 BTM2 BTM1 BTMO WAIT time (fxx = 4.19 MHz) 

- O O 220/fjQ^ (Approx 250 ms) 

-011 2l7/fjoj (Approx31.3ms) 

-10 1 2l5/fxx (Approx 7.82 ms) 

-111 2l3/fxx(Approx 1.95 ms) 
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Figure 19. Data Retention Timing 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings OuPD75P1xx) 

Ta = 25°C 



Supply voltage, Vpo 


-0.3 to -f- 7.0 V 


Operating voltage, Vpp OiPP75P108) 


-0.3 to +22 V 


Operating voltage, Vpp (|uPD75P116) 


-0.3 to + 13.5 V 


Input voltage, Vm (other than ports 12-14) 


-0.3 to Vdd + 0.3 V 


Input voltage, V|2 (ports 12-14 ) 


-0.3 to + 13 V (Notel) 


Output voltage, Vq 


-0.3 to Vdd + 0.3 V 


High-level output current, Iqh 
(Single pin) 


-15 mA 


High-level output current, Ioh 
(Total of all pins) 


-30 mA 


Low-level output current, Iql 
(Single pin) 


30 mA pk 
15 mA rms (Note 2) 


Low-level output current, Iql 
(Total of ports 0, 2-4, 12-14) 


100 mA pk 
36 mA rms (Note 2) 


Low-level output current, Iql 
(Total of ports 5-9) 


100 mA pk 
36 mA rms (Note 2) 



Operating temperature, topj: /iPD75P108 


-10 to + 85°C 


Operating temperature, topj: /iPD75P116 


-40 to + 85''C 


Storage temperature, tsjG 


-65 to +125*0 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

Notes: 

(1) When applying more than 10 V to ports 12, 13, or 14, the external 
pull-up resistor must be at least 50 kCl 

(2) rms value = pk x (duty cycle) ^/=. 

Capacitance (jl(PD76P1xx) 

Vdd= OV;Ta= 25°C 



Parameter 


Symbol 


Max 


Unit 


Conditions 


Input capacitance 


C|N 


15 


PF 


f = 1 MHz; 


Output capacitance 


Gout 


15 


PF 


all unmeasured 
. pins returned 


I/O capacitance 


C|0 


15 


pF 


to ground 



DC Characteristics (iL/PD75P1xx) 

/iPD75P108: T^ = -10 to +85°C; Vqd = 4.5 to 5.5 V 
/iPD75P116: Ta = -40 to +85°G; Vdd = 4.5 to 5.5 V 



Parameter 



Symbol 



l\fflin 



Typ 



IVIax 



Unit 



Conditions 



High-level input voltage 



V|H1 



0.7 Vdd 



Vdd 



Except ports 0, 1, 12-14, TIO, Til, XI, X2, and 
RESET 



V|H2 



0.8 Vdd 



Vdd 



Ports 0, 1, TIO, Til and RESET 



V|H3 



0.7 Vdd 



12 



Ports 12-14; open drain 





V|H4 


Vdd-0.5 




Vdd 


V 


XI, X2 


Low-level input voltage 


V|L1 







0.3 Vdd 


V 


Except ports 0, 1 , TIO, Til , XI , X2, ^nd RESET 




V|L2 







0.2 Vdd 


V 


Ports 0,1, TIO, Til and RESET 




V,L3 







0.4 


V 


XI, X2 


High-level output voltage 


VOH 


Vdd-1.0 






V 


Ioh = -1 mA 


Low-level output voltage 


Vol 




0.55 


2.0 


V 


Ports 0, 2-9; Iol= 15 mA 






0.35 


2.0 


V 


Ports 12-14; Iol= 10 mA 








0.4 


V 


Iql = 1.6 mA 


High-level input leakage current 


Ilihi 






3 


|iA 


All except XI , X2, and ports 12-14; V|n = Vdd 




ILIH2 






20 


/iA 


X1,X2;V|^4 = Vdd 




ILIH3 






20 


A/A 


Ports 12-14; V,N= 12 V 


Low-level input leakage current 


Ilili 






-3 


/iA 


All except XI, X2;V|N = OV 




•lIL2 






-20 


/iA 


X1,X2;V|N= OV 
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DC Characteristics (jl/PD75P1xx) (cont) 


Parameter 


Symbol Min 


Typ 


Max 


Unit 


Conditions 


High-level output leakage 
current 


Ilohi 




3 


/iA 


All output pins except ports 12-14; 
Vout=Vdd 




'lOH2 




20 


fiA 


Ports 12-14; VouT= 12 V 


Low-level output leakage 
current 


'lol 




~3 


//A 


VouT=OV 



Supply current 
(Note 1) 



Iddi 



10 



mA 



Vdd = 5 V ± 10%; (Notes 2, 3) 



bD2 



500 



1500 



jL/A HALT Mode (Notes 2, 4); Vpo == 5V ±5% 



IdD3 



0.5 



20 



//A 



A/PD75P116: STOP Mode; Vqd = 
(Note 5) 



5V ±5% 



30 



100 



/iA 



iL/PD75P108: STOP Mode ; Vqd = 
(Note 5) 



5 V ±5% 



Notes: 

(1) Does not include comparator and includes current in the power- 
on-reset circuit 

(2) 4.19 MHz crystal oscillator; CI = C2 = 22 pF. 

(3) Value during high-speed operation and the processor control 
clock (PCC) Is set to 0011. 

AC Characteristics (jl/PD75P1xx) 

/iPD75P108: Ta = -10 to +85°C; Vqd = 4.5 to 5.5 V 
iL/PD75P116: Ta = -40 to +85°C; Vqd = 4.5 to 5.5 V 



(4) Value when the processor control clock (PCC) is set to 0100, and 
CPU is in HALT mode. 

(5) IdD3 is less for the /iPD75P116 because It does not contain the 
power-on-reset and power-on flag circuitry. 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Cycle time (Motel) 


tCY 


0.95 




32 


jL/S 


Vdd = 5 V ± 5% 




1.1 




32 


/iS 


Vdd=5V±10% 


TIO, Til input frequency 


h\ 







1 


MHz 




tiO.TII input high-and low-level width 


tTIH. triL 


0.48 






fJS 




SCK cycle time 


tKCY 


0.8 






fJS 


Input 




0.95 






/iS 


Output 


SCK high-and low-level width 


tKH. ^KL 


0.4 






fJS 


Input 




0.5 tKC\^50 






ns 


Output 


SI vs. SCK t setup time 


tSIK 


100 






ns 




SI vs. SCK t hold time 


*KSI 


400 






ns 




SCK i to SO output delay time 


^KSO 






300 


ns 




INTO-4 high- and low-level width 


tiNTH. t|NTL 


5 






/iS 




RESET low level width 


*RSL 


5 






/iS 





Notes: 



(1) Cycle time is determined by the frequency of the oscillator 
connected to the microcomputer, system clock control register 
(SCC), and the processor clock control (PCC). See figure 20. 
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Figure 20, Guaranteed Operating Range (aPDrsPlxjO 
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DC Characteristics (/iPD75Plxx) 



Idd vs Vdd (4-19 i^Hz Crystal Resonator) 
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DC Characteristics OiPD75Plxx) (cont) 
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DC Characteristics (/iPDrsPlxx) (cont) 
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' Data Memory STOP Mode Low Vbltage Data Retention Characteristics (itiPD75P1xx) 

/L/PD75P108: Ta = -10 to + 85°C; Vpo = 4.5 to 5.5 V 
A/PD75P116: Ta = -40 to +85°C; Vqd = 4.5 to 5.5 V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Data retention voltage 


Vdddr 


2.0 




5.5 


V 




Data retention current (Note 1) 


'dddr 




0.1 


10 


//A 


/iPD75P116; Vdddr = 2.0 V (Note 4) 






15 


40 


//A 


/iPD75P108; Vdddr = 2.0 V (Note 4) 


Release signal set time 


*SREL 









/is 




Oscillation stabilization time (Note 2) 


tWAIT 




2l7/f^ 




s 


Release by RESET input 






(Note 3) 




ms 


Release by interrupt request 



Notes: 

(1) Includes current in the power- on-reset circuit, but excludes cur- 
rent in the comparator circuit. 

(2) Consult the manufacturer's resonator or crystal specification for 
this value. 

(3) Oscillation stabilization WAIT time is the time during which the 
CPU is stopped and the crystal is stabilizing. This time is 
required to prevent unstable operation while the oscillation is 
started. The interval timer can be used to delay the CPU from 
executing instructions using the basic interval timer mode 
register (BTIVI) according to the following table: 



BTM3 BTM2 BTM1 BTMO WAIT time (fxx = 4.19 IVIHz) 

- 220/f^ (Approx 250 ms) 
-Oil 2l7/f^ (Approx 31 .3 ms) 
-10 1 2l5/fjQj (Approx 7.82 ms) 

- 1 1 1 2l3/fxx (Approx 1 .95 ms) 



(4) Idddr 's '®®s ^^i" *^® iuPD75P116 because it does not contain the 
power- on-reset or power-on flag circuity 



DC Programming Ciiaracteristics (jl/PD75P1xx) 

//PD75P108: Vdd = 6.0 ± 0.25 V; Vpp = 21.0 ± 0.5 V; Vss = V; Ta = 25''C 
/iPD75P116: Vdd = ^.0 ± 0.25 V; Vpp = 12.5 ± 0.3 V; Vqs = V; Ta = 25°C 



Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Conditions 


High-level input voltage 


V|H1 


0.7Vdd 




Vdd 


V 


All except XI, X2 




V|H2 


Vdd-0.5 




Vdd 


V 


XI, X2 


Low-level input voltage 


V|L1 







0.3Vdd 


V 


All except XI, X2 




V|L2 







0.4 


V 


XI, X2 


Input leakage current 


"LI 






10 


/iA 


V|N=V,LorV,H 


High-level output voltage 


VOH 


Vdd-1.0 






V 


Iqh = -1 "fiA 


Low-level output voltage 


Vol 






0.4 


V 


Iql = 1 -6 niA 


Vdd supply current 


'dd 






30 


mA 




Vpp supply current 


Ipp 






30 


mA 


MDO = V|l; IVIDI = V|H 



Notes: 

(1) Vpp must not exceed +22.0 V (/L/PD75P108) or +13.5 V 
(^PD75P116), including overshoot 

(2) Vdd "^"^^ ^^ applied before Vpp, and should be removed after 
Vpp is removed. 
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SEC 



AC Programming Characteristics (iwPD75P1xx) 

/iPD75P108: Vqd = 6.0 ± 0.25 V; Vpp = 21 .0 ± 0.5 V; Vss = V; Ta = 
/iPD75P116: Vpp = 6.0 ± 0.25 V; Vpp = 12.5 ± 0.3 V; Vss = V; Ta = 



25°C 
25°C 



Parameter 


Symbol 


(Note 1) 


Min 


Max 


Unit 


Conditions 


Address setup time to MDO i (Note 2) 


tAS 


tAS 


2 




/iS 




MD1 to MDO i setup 


*M1S 


tOES 


2 




/iS 




Data to MDO i setup 


tDS 


tDS 


2 




/iS 




Address hold from MDO t (Note 2) 


tAH 


tAH 


2 




JJS 




Data hold from MDO t 


tOH 


tDH 


2 




/is 




Data output float from MDO t delay 


tDF 


tDF 





130 


ns 




Vpp Setup to MD3 t 


Vps 


typs 


2 




/iS 




Vdd Setup to MD3 t 


Vds 


tvcs 


2 




jUS 




Initialized program pulse width 


tpw 


tpw 


0.95 


1.05 


ms 




Additional program pulse width 


*OPW 


topw 


0.95 


21 


ms 




MDO setup to MDIt 


*MOS 


tCES 


2 




/iS 




Data output from MDO i delay 


tlN 


tDV 




1 


//s 


MDO= MD1 = V|L 


MD1 hold to MDO t 


^MIH 


tOEH 


2 




JJS 


tM1H + tMiR^ 50 /is 


MD1 recovery from MDO i 


tMIR 


toR 


2 >; 




//s 


tM1H + tMiR5: 50 /iS 


Program counter reset 


tpCR 


- 


10 




JUS 




XI input high/low level width 


tXH. tXL 


- 


0.125 




/iS 




XI input frequency 


fxx 


- 




4.19 


MHz 




Initial mode set 


tj 


- 


2 




>S 




MD3 setup to MD1 t 


tM3S 


- 


2 




/iS 




MD3 hold to MD1 i 


^MSH 


- 


2 




/iS 





MD3 setup to MDO i 


tM3SR 


- 


2 




/is 


Address to data output delay time (Note 2) 


tDAD 


t\CC 


2 




/iS 


Address to data output hold time (Note 2) 


tHAD 


tOH 





130 


ns 


MD3 output hold from MDO t 


tM3HR 


- 


2 




/iS 



Data output from MD3 i float delay time 



tDFR 



/iS 



During program read 
cycle 



Notes: 

(1) These symbols correspond to these of the/iPD27C256 EPROM. 

(2) The internal address signal is incremented by one by the rising 
edge of the fourth X1 pulse.The address is not connected to an 
external pin. 
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Figure 21. EPROM Program Memory Write/Vlerify Timing 
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Figure 22. EPROM Program Memory Read Timing 
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fiPD7520x/7521x/75CG2xx/75P216A 

4-Bit Microcomputers 

Witli FiP (VF) Controiler/Driver 



Description 

The /iPD7520x/7521x is a family of single-chip CMOS 
microcomputers containing CPU, ROM, RAM, I/O ports, 
several timer/counters, vectored interrupts, a FIR® 
controller/driver, sukjsystem clock, and serial Interface. 

The Instruction set allows the user to manipulate RAM 
data and I/O ports In 1-, 4-, and 8-blt units. The devices 
are ideally suited for controlling VCRs, microwave ov- 
ens, electronic stoves, washing machines, electronic 
cash registers, audio equipment, and meters. 

Both EPROM and OTP versions are available. Refer to 
the ordering information. 

Features 

° 136 instructions 

— Bit manipulation 

— 4-bit and 8-bit transfer, arithmetic, logical 
comparison, and increment/decrement 
Instructions 

— 1-byte relative branch 

— GETI instruction, to convert one 2-byte or 3-byte 
or two 1-byte instructions into a single 1-byte 
instruction 

a Fast execution time (@ 4.19 MHz) 
-—High-speed cycle: 0.95 /is 

— Lower-voltage cycles: 1.91 and 15.3 /iS 

D Program ROM 

— /iPD75206: 6016 bytes 

— /iPD75208/CG208A: 8064 bytes 

— JL/PD75212A: 12160 bytes 

— /iPD75216A/CG216A/P216A: 16256 bytes 

° Data memory (RAM) 
—/iPD75206: 369x4 bits 
— /iPD75208/CG208A: 497 x 4 bits 
— /iPD75212A/216A/GG216A/P216A: 512 x 4 bits 
—Allows operation on 1, 4, or 8 bits 

D Four banks of eight 4-bit registers 

n Accumulators 

— 1-blt (CY) 

— 4-bit (A) 

— 8-bit (XA) 



FIP Is a registered trademark of NEC Corporation 



28 port lines 

— 20 I/O lines; 8 outputs directly drive LEDs 
(lsink= 15mArms) 

— 8 input-only lines 

One external event input 

Four timers 

— 8-bit basic interval timer 

— 8-bit timer/event counter 

— 14-bit watch timer with buzzer output 

— 14-bit PWM timer 

Programmable FIP controller/driver with memory 
area 

— Up to 16 segments 

— Up to 16 digits 

— Eight dimming levels 

— Key scan interrupt generation 

8-blt serial interface 

— Data transfer can be full duplex or receive only, 
and can be MSB or LSB first 

Vectored Interrupts 
—Two-level nesting 
—Three external interrupts 

— Five internal interrupts 

— One input which generates an interrupt request 

Standby modes 

— HALT mode: stops CPU only 
—STOP mode: stops main system clock 

Operates with crystal or ceramic resonator 

CMOS operation with Vdd from 2.7 to 6.0 V 

Low current (Vpo = 5 V; fxx = 4.19 MHz) 

— Normal operation: 3.0 mA typical 

— HALT mode: 0.6 mA typical 

— STOP mode: 0.1 fiA typical 

Mask options 

— Power-on reset circuit and power-on flag 
(always In /iPD75CG208A, /iPD75CG216A, 
/iPD75P216A) 

— Port 6 input pull-down resistor 

— FIP output pins have pull-down resistor 

Programmable versions 

— Piggyback ROM: /LiPD75GG208A/CG216A 

— OTP:iL/PD75P216A 

Available in 64-pin SDIP or QFP 
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Ordering Information 



Part Number 



Package Type 



ROM Type 



j*PD75206CW-xxx 



64-pin plastic SDIP iViask ROfVI 



Pin Configurations 
64'Pin Plastic SDIP 



jttPD75206G-xxx.1B 



64-pin plastic QFP 
(resin thickness 
2.05 mm) 



jiiPD75206GF-xxx-3BE 



64-pin plastic QFP 
(resin tliickness 
2.7 mm) 



jttPD75208CW-xxx 



64-pin plastic SDIP Mask ROM 



jiiPD75208G-xxx-1B 



64-pin plastic QFP 
(resin tliickness 
2.05 mm) 



ittPD75208GF-xxx-3BE 



64-pin plastic QFP 
(resin thickness 
2.7 mm) 



|ttPD75CG208E 



64-pin ceramic SDIP Piggyback EPROM 



ittPD75CG208EA 



64-pin ceramic QFP 



i»PD75212ACW-xxx 



64-pin plastic SDIP Mask ROM 



j»PD75212AGF-xxx-3BE 64-pin plastic QFP 



JIIPD75216ACW-XXX 



64-pin plastic SDIP 



liiPD75216AGF-xxx-3BE 64-pin plastic QFP 




i[iPD75GG216AE 64-pin ceramic SDIP 


Piggyback EPROM 


jttPD75CG216AEA 64-pin ceramic QFP 




|iiPD75P216ACW 64-pin plastic SDIP 


OTP 



Notes: 

(1) XXX indicates ROM code suffix 









S3C 


1 KJ 64 


:]Vdd 


S2C 


2 63 


DS4 


S1 C 


3 62 


1S5 


soc 


4 61 


1S6 


POo/INT4 C 


5 60 


DS7 


PO1/SCKC 


6 59 


DS8 


PO2/SO c 


7 58 


DS9 


PO3/SI c 


8 57 


3 VpRE (NC*) 


PIq/INTO c 


9 56 


:: VloAD 


PI1/INTI c 


10 55 


D T15/S10 


PI2/INT2 c 


11 54 


DT14/S11 


P^ /TIO C 


12 53 


3 T13/S12/PH0 


P2oC 


13 52 


3 T12/S13/PH1 


P2iC 


14 51 


ITII/S14/PH2 


P22E 


15 50 


3 T10/S15/PH3 


P23/BUZ c 


16 49 


DT9 


*MDo/P3o C 


17 48 


DT8 


*MDi/P3i C 


18 47 


317 


*MD2/P32 C 


19 46 


DT6 


*MD3/P33 C 


20 45 


DT5 


P60C 


21 44 


31A 


P61 C 


22 43 


DT3 


P62C: 


23 42 


312 


P63C 


24 41 


DTI 


P40C: 


25 40 


310 


P4iC 


26 39 


3 RESET 


P42C 


27 38 


3 P53 


P43C: 


28 37 


3 P52 


PPOE 


29 36 


3 P5i 


X1 C 


30 35 


DP50 


X2C 


31 34 


DXT2 


VssC 


32 33 


DXTI 


* Pin 57 is not connected on 


HPD75P216A. 




MDq - MD3 are used for programming the uPD75P216A. 


83RD-6829A 
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Pin Configurations (cont) 
64'Pin Plastic QFP 





N 1^ H P 

nnnnnn nnnnnnnnnnnnn 




P4iE 
P42 H 
P43C 
PPO C 
X1 C 
X2ll 

vssC 

XT1 C 
XT2 d 
P5o 1= 
P5,C 
PS,C 
P53I- 


51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 

52 32 

53 31 

54 30 

55 29 

56 28 

57 27 

58 26 

59 25 

60 24 

61 23 

62 Q 22 

63 ^-^ 21 

64 20 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


3 PO1/SCK 

3 PO0/INT4 
D so 
Dsi 

DS2 
DS3 

:] vdd 

1184 

:ds5 

:iS6 
DS7 

::s8 
::s9 


» 




UUUUUUUUUUUUUUUUUUU 
H K P K 


83RD-6830B 
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Pin Configurations (cont) 
64-Pin Ceramic Piggyback: SDiP 















S3E 


1 


\J 


64 


:]Vdd 


S2C 


2 






63 


3 S4 


S1 C 


3 


r-\ 


^r-i 


62 


DS5 


SOC 


4 Vdd<)1^ 


''28(I)Vdd 


61 


3 S6 


PO0/INT4 c 


5 


1 


1 


60 


DS7 


PO1/SCKE 


6 


Al2<i>2 


27(i>VDD 


59 


3S8 


PO2/SO c 


7 


1 


1 


58 


DS9 


PO3/SI c 


8 


A7<I>3 


26(J>Ai3 


57 


HVpRE 


PIq/INTO c 


9 


1 


1 


56 


H Vload 


PI1/INTI c 


10 


A6<J)4 


25(})A8 


55 


3 T15/S10 


PI2/INT2 c 


11 


1 




54 


1T14/S11 


PI3/T10 c 


12 


A5C>5 


24(i>A9 


53 


3 T13/S12/PH0 


P2oC 


13 


1 


1 


52 


3 T12/S13/PH1 


P2iC 


14 


A4<J>6 


23<l>Ail 


51 


IITII/S14/PH2 


P22C 


15 


1 




50 


3 TIO/S15/PH3 


P23/BUZ c 


16 


A3^7 


22cJ>Vss 


49 


319 


P3oC 


17 


1 


1 


48 


318 


P3iC 


18 


A2<!>8 


2i<;>vss 


47 


3 17 


P32C 


19 




1 


46 


316 


P33C 


20 


Al<i>9 


20^Aio 


45 


3 T5 


P60C 


21 


1 


i 


44 


314 


P61 C 


22 


Ao<l>10 


19(J>CE 


43 


313 


P62C: 


23 


1 


1 


42 


312 


P63C 


24 


'0<>11 


18(1)17 


41 


DTI 


P4oC 


25 


1 


1 


40 


DTO 


P4i C 


26 


I1CJ)12 


17<!>l5 


39 


3 RESET 


P42C: 


27 


1 




38 


DP53 


P43C: 


28 


|2(>13 


16(j>|4 


37 


3 P52 


PPOC 


29 


1 


1 


36 


DP51 


X1 C 


30 


^SS^14 


i5<;>i3 


35 


3 P5o 


X2C 


31 


i-_. 


J 


34 


D XT2 


VssC 


32 






33 


DXT1 












83RD-6831A 
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Pin Configurations (cont) 
64'Pin Ceramic Piggyback QFP 



N o f! g g _ Q 






nnnnnnnnnnnnnnnnnnn 






P4i C 
P42l= 
P43C 


51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 

52 Iq NC Aq Ai ^2 A3 A4 A5 Ae 32 

53 i<^ p.. 31 

54 14I3 12 11 10 9 8 7 6 5 ^'^'7 ^ 


D P01/SCK 

3 PO0/INT4 

ISO 


PPO C 


55 '2O15 3OA12 29 


DS1 




X1 C 
X2 C 


57 VssOie 2 0Vdd^^ 


DS2 
DS3 




VSSC 


58 NCOl7 1 ONC 26 


:] vdd 




XT1 H 
XT2 H 


60 '3^^' 320Vdd^^ 


::s4 

DS5 




P5o C 


61 '4O19 310Vdd23 


DS6 




P5i C 
PSg •= 
P53C 


62 lcO^°21 22 23 24 25 26 27 28 29^9-va,o 22 

63 r^ OOC^OOOOOO ^^^ 21 

g4 U |6 I7 CE A10 Vss NC A11 Ag As 20 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


DS7 
DS8 
13 89 






uuuuuuuuuuuuuuuuuuu 






K K K H 






83RD-6832B 
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Pin Identification 



Symbol 


Function 


PO0/INT4 


Port input; interrupt 4 


PO1/SCK 


Port input; serial clock 


PO2/SO 


Port input; serial out 


PO3/SI 


Port input; serial in 


PI0/INTO 


Port 1 input; interrupt 


PI1/INTI 


Port 1 input; interrupt 1 


PI2/INT2 


Port 1 input; interrupt 2 


PI3/TIO 


Port 1 input; timer input 


P20-P22 


Port 2 I/O 


P23/BUZ 


Port 2 I/O; buzzer output 


P3o-P33/MD0-MD3 


Port 3 I/O; OTP operation mode 
(mPD75P216A) 


P40-P43 


Port 4 I/O 


P50-P53 


Port 5 I/O 


P60-P63 


Port 6 I/O 


PH0/TI3/SI2 


Port H output; digit select line; segment line 


PHi/T12/S13 


Port H output; digit select line; segment line 


PH2/TII/SI4 


Port H output; digit select line; segment line 


PH3/TIO/SI5 


Port H output; digit select line; segment line 


PPO 


Pulse output 


RESET 


Reset input 


S0-S9 


FIP segment outputs 


T0-T9 


FIP digit select outputs 


T14/S11 
T15/S10 


Digit selects T14 and T15; segment lines SIO 
and S11 


Vdd 


Positive power supply 


Vload 


FIP high-voltage negative supply voltage 


VPRE 


FIP predriver negative supply voltage 


Vss 


Ground 


X1.X2 


Main clock inputs 


XT1,XT2 


Subsystem clock inputs 



PIN FUNCTIONS 

PO0-PO3, INT4, SCK, SO, SI (Port 0, interrupt 4, 
Serial Clocii, Serial In/Out) 

These pins can be used as 4-bit input port 0. POq can 
also be used for vectored interrupt 4, wliicli interrupts on 
eitiier tiie leading edge or the trailing edge of the signal. 
PO1-PO3 may also be used for the serial interface under 
the control of the SIOM r egiste r. SI is the serial input, SO 
is the serial output, and SCK is the serial clock. Reset 
causes these pins to default to the port input mode. 



PI0-PI3, INT0-INT2, TIO (Port 1, Interrupts, 
Timer Input) 

These pins can be used as 4-bit input port 1. PI0 and P1 1 
can also be used for edge-triggered interrupts INTO and 
INT1. PI2 can be used for INT2, which is also an 
edge-triggered input, but one which generates an Inter- 
rupt request and does not cause an interrupt. P1 3 can be 
used as an Input clock to the timer/event counter to 
count external events. Reset causes these pins to de- 
fault to the port 1 Input mode. 

P2o-P23, BUZ (Port 2, Buzzer Output) 

These pins can be used as 4-bit I/O port 2. When used as 
an output the data is latched. When used as an input port 
the port outputs are three-state. P23 can also be used to 
output square waves for a buzzer. Reset causes these 
pins to default to the port 2 input mode. 

P3o-P33 (MD0-MD3) (Port 3) 

These pins are used for input/output port 3. Each bit in 
this port can be independently programmed to be either 
an Input or output. This port has latched outputs. MDO 
through MD3 are used for the iuPD75P216A OTP program 
memory write and verify mode to select the operation 
mode. A reset causes this port to be in the input mode. 

P40-P43 (Port 4) 

These pins are used for input/output port 4; this port has 
latched outputs. Port 4 outputs can directly drive an 
LED. Ports 4 and 5 can be paired together to function as 
one 8-bit port. A reset causes this port to be in the Input 
mode. 

P50-P53 (Port 5) 

These pins are used for input/output port 5; this port has 
latched outputs and its outputs can directly drive an 
LED. Ports 4 and 5 can be paired together to function as 
one 8-bit port. A reset causes this port to be in the input 
mode. 

P60-P63 (Port 6) 

Port 6 is a 4-bit I/O port. Outputs are latched, and each 
bit can be independently programmed to be either an 
input or an output. Port 6 can have pull-down resistors 
added as a mask option. A reset signal causes this port 
to default to the input mode. 
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PH0-PH3, T10-T13, S12-S15 (Port H, Digit Select, 
Segment Lines) 

Port H is a 4-bit output-only port, witli P-ohannel open- 
drain outputs capable of directly driving LEDs. Pull- 
down resistors can be selected as a mask-option. Alter- 
natively, these pins can be used as high voltage digit/ 
segment outputs. A reset signal causes this port to 
default to the high-Impedance state; if mask-option re- 
sistors are present the output goes low. 

S0-S9 (Segment Lines) 

These are high-voltage outputs used as FIP controller 
segment lines. Pull-down resistors can be selected as a 
mask-option. A reset signal sets these pins to the high- 
Impedance state; if mask-option resistors are present 
the outputs go low. 

T0-T9 (FIP Digit Select) 

These are high-voltage outputs used as FIP controller 
digit select timing signals. Pull-down resistors can be 
selected as a mask-option. A reset signal sets these pins 
to the high-impedance state; if mask-option resistors are 
present the outputs go low. 

T14/S11, T15/S10 (Digit Select/Segment Lines) 

These two pins provide additional digit select or segment 
lines. When not used for the display they can be used as 
static outputs. Internal pull-down resistors are available 
as a mask option. 



PPO (Timer/Pulse Generator Output) 

This Is an output signal from the timer/pulse generator, 
and can be either PWM (Pulse Width Modulated) or a 
square wave. This pin can also be used as a 1-bit output 
port. Pin assumes a high impedance state upon reset. 

X1, X2 (System Clock Inputs) 

These pins are the main system clock inputs. The clock 
can be either a ceramic or crystal resonator; an external 
logic signal may also be used as a clock source. 

XT1, XT2 (Subsystem Clock Inputs) 

These pins are the subsystem clock inputs. The clock 
can be either a ceramic or crystal resonator; an external 
logic signal may also be used as a clock source. 



RESET (Reset) 

This is the reset input, and it is active low. 

VpRE (Predriver Power) 

This is the power supply for the predrivers of the FIP 
controller/driver. 

Vload (FIP Power Supply) 

This pin is used to supply power to the output drivers for 
the segment lines and digit select pins of the FIP 
controller/driver. 

Vdd (Power Supply) 

The system positive power supply pin. 

Vss (Ground) 

System ground. 
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Block Diagram 
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Interval 
Timer 



O 



INTBT 



TIO/PI3 



Timer/Event 
Counter 



SI/PO3 

SO/PO2 

SCK/PO1 
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INT1/PI1 
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INT4/PO0 



O 
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Generator 



O 



INTTPG 
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Program 
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^ 



Decode 
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Watch 
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Product Comparison 


Item 


^PD75CG208 


fiPD75CG216A 


|ttPD75206 


^PD75208 


jttPD75212A 


l*PD75216A 


l*PD75P216A 


Program 
memory 
(ROM) 


Piggyback 
EPROM 
0000H-1FFFH 
8192x8 bits 


Piggyback 
EPROM 
0000H-3FFFH 
16384x8 bits 


Mask ROM 
0000H-177FH 
6016x8 bits 


Mask ROM 
0000H-1F7FH 
8064 X 8 bits 


Mask ROM 
0000H-2F7FH 
12160x8 bits 


Mask ROM 
0000H-3F7FH 
16256 X 8 bits 


OTP 

000H-3F7FH 
16256 X 8 bits 


Data 

memory 

(RAM) 


497 X 4 bits 


512x4 bits 


369x4 bits 


497 X 4 bits 


512x4 bits 


512 X 4 bits 


512x4bHs 


Porte 

pull-down 

resistor 


None 


None 


Mask option 
(each bit) 


Mask option 
(each bit) 


Mask option 
(each bit) 


Mask option 
(each bit) 


None 


S0-S8, 
T0-T9 


On-chip pull-down resistor 


Each bit can be mask programmed either for a 
pull-down resistor or as an open drain output 


On-chip 

pull-down 

resistor 


S9, 
T10-T15 


Open drain 


Open drain 


Each bit can 


be mask programmed either for a pull-down resistor 
or as an open drain output 


Open drain 


Number 
of FIP 
segments 


19-12 


9-16 


9-12 


9-12 


9-16 


9-16 


9-16 


Power-on 

reset 

circuitry 


On-chip 


On-chip 


Mask option 


Mask option 


Mask option 


Mask option 


None 


Low-power 

data 

retention 


Not provided 


Not provided 


2 volts 


2 volts 


2 volts 


2 volts 


Not provided 


Operating 

voltage 

range 


5V ± 10% 


5V±10% 


2.7 to 6.0 V 


2.7 to 6.0 V 


2.7 to 6.0 V 


2.7 to 6.0 V 


5V±10% 


Package 


64-pin piggyback ceramic 

shrink DIP with window. 

64-pin piggyback 

ceramic QFP with window. 




64-pin plastic shrink DIP 
64-pin plastic QFP 




64-pln 
plastic 
shrink DIP 
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ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings (All Parts) 

Ta=25<'C 




Supply voltage, Vqd 




-0.3 to + 7.0 V 


Supply voltage, Vload 


Vdd-40 


toVDD+0.3V 


Supply voltage, Vrre (Note 1) 


Vdd-12 


toVDD+0.3V 


Supply voltage, Vpp (Note 2) 


-( 


D.3 to + 13.5 V 


Input voltage, V| 


-0.3toVDD+ 0.3 V 


Output voltage, Vq (other than display) 


-0.3toVDD+ 0.3 V 


Output voltage, Vqd (display pins) 


Vdd-40 


toVDD+0.3V 


High-level output current, Iqh 
(single pin; other than display) 




-15 mA 


High-level output current, Iqh 
(single pin; S0-S9) 




-15 mA 


High-level output current, Iqh 
(single pin; T0-T15) 




-30 mA 


High-level output current, Iqh 
(total of all pins other than display) 




-20 mA 


High-level output current, Iqh 
(total of all display outputs) 




-120 mA 


Low-level output current, Iql (single pin) 




17 mA 


Low-level output current, Iql 
(total of all pins) 




60 mA 


Power dissipation, Pj (Plastic QFP) 




450 mW 


Power dissipation, Pj (Plastic SDIP) 




600 mW 


Storage temperature, tgjQ 


—1 


65 to + 150°C 


Operating temperature, topT (Note 3) 




-40to+85°C 


Operating temperature, topj (Note 4) 




-10to+70''C 



Exposure to Absolute Maximum Ratings for 
affect device reliability; exceeding the ratings 
damage. 

Notes: 

(1) Does not apply to/iPD75P216A. 

(2) For iL/PD75P216A only. 

(3) For mask ROM parts. 

(4) For/iPD75CG208/CG216A/P216A. 



extended periods may 
could cause permanent 



Capacitance (All Parts) 

Vdd= OV;Ta= 25^*0 



Parameter 



Symbol Max Unit Conditions 



Input capacitance 


C|N 


15 


PF 


Output capacitance; 
other than display 


C0UTI 


15 


PF 


Output capacitance; 
display only 


C0UT2 


35 


pF 



f = 1 MHz; 
all unmeasured 
pins returned 
to ground 



I/O capacitance 



C|o 



15 



pF 



Operating Supply Voltage 

Mask ROM parts: Ta = -40 to +85°C 
Programmable parts: Ta = -10 to +70°C 



Parameter 


Min 


Max 


Unit 


Conditions 


CPU (Note 2) 


(Note 3) 


6.0 


V 


(Note 4) 




4.5 


5.5 


V 


/iPD75CG208/CG216A 
and /iPD75P216A only 


Display controller 


4.5 


6.0 


V 


(Note 4) 




4.5 


5.5 


V 


/iPD75CG208/CG216A, 
//PD75P216A only 


Timer/pulse 


4.5 


6.0 


V 


(Note 4) 


generator 


4.5 


5.5 


V 


/iPD75CG208/CG216A 
and A/PD75P216A only 


Other hardware 


2.7 


6.0 


V 


(Note 4) 


(Note 2) 


4.5 


5.5 


V 


iuPD75CG208/CG216A 
and A/PD75P216A only 



Notes: 

(1) Care must be taken when designing the microcomputer that the 
total power dissipation does not exceed the maximum allowable. 
Power is dissipated in three areas: 

a. At the CPU. PD is calculated by the product of Vdd (max) 
and Iddi (max). 

b. By the output pins. Total power dissipation is the sum of the 
values for each pin when maximum current is applied. 

c. By the pull-down resistors. 

(2) The CPU does not include the system clock oscillator, the display 
controller, or the timer/pulse generator. 

(3) Varies according to the cycle time. See AC Characteristics. 

(4) Mask ROM parts only. 
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Main System Clock Oscillator Characteristics 

Mask ROM parts: Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V 
Programmable parts: T/^ = -10 to +70°C; Vpo = 4.5 to 5.5 V 



Osciilator 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Ceramic resonator 
(Figure 1 A) 


Oscillation frequency 
(Note 1) 


fxx 


2.0 




5.0 


MHz 


(Note 5) 




Oscillation stabilization 
time (Note 2) 








4 
(Note 3) 


ms 


After Vdd reaches the 
minimum oscillation voltage 


Crystal resonator 
(Figure 1 A) 


Oscillation frequency 
(Note 1) 


fxx 


2.0 


4.19 


5.0 


MHz 


(Note 5) 




Oscillation stabilization 
time (Note 2) 








10 
(Note 3) 


ms 


(Note 4) 










30 
(Note 3) 


ms 


(Note 5) 


External clock 
(Figure IB) 


XI input frequency 
(Note 1) 


fxx 


2.0 




5.0 


MHz 


(Note 5) 




XI input low- and 
high-level width 


tXH. txL 


100 




250 


ns 





Notes: 

(1) The oscillation frequency and XI input frequency are included (^) 
only to show the characteristics of the oscillators. Refer to the AC 
Characteristics table for actual instruction execution times. 

(2) The oscillation stabilization time is the time required for the ^^) 
oscillator to stabilize after voltage Vqq is applied and reaches the 

Vqd spec or the STOP mode is released. (5) 



Values shown are for the recommended resonators. Values for 
resonators not shown in this data sheet should be obtained from 
the manufacturer's specification sheets. 

Vdd = 4.5 to 6.0 V for mask ROM parts and Vdd = 4.5 to 5.5 V for 
programmable parts. 

Vdd = 2.7 to 60 V for m ask ROM parts and Vdd = 4.5 to 5.5 V for 
programmable parts. 



Subsystem Clock Oscillator Characteristics 

Mask ROM parts: Ta = -40 to 4-85°C; Vdd = 2.7 to 6.0 V 
Programmable parts: T^ = -10 to +70*'C; Vdd - 4.5 to 5.5 V 



Osciiiator 


Parameter 


Symbol 


iVIin 


Typ 


Max 


Unit 


Conditions 


Crystal resonator 


Oscillation frequency 


fXT 


32 


32.768 


35 


kHz 


(Note 1) 


(Figure 2A) 


Oscillation stabilization time (Note 2) 






1.0 


2 


s 


(Note 3) 










10 


s 


(Note 4) 


External clock 


XT1 Input frequency 


fxT 


32 




100 


kHz 


(Note 4) 


(Figure 2B) 


XT1 Input high/low level width 


^TH.^TL 


10 




32 


Ais 





Notes: 

(1) The oscillator frequency and input frequency indicates only the 
oscillator characteristics. Refer to the AC Characteristics for the 
instruction execution times. 

(2) The oscillation stabilization time is the time required for the 
oscillation to stabilize after Vdd '^ spplied and reaches the Vdd 
spec or after STOP mode is released. 



(3) Vdd = 4.5 to 6.0 V for mask ROM parts and 4.5 to 5.5 V for 
programmable parts. 

(4) Vdd = 2.7 to 6.0 V for mask ROM parts and 4.5 to 5.5 V for 
programmable parts. 
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Figure 1. Main System Ciocic Configurations 




Figure 2, Suifsystem Ciocic Configurations 


A. Ceramic/Crystal Resonatoi 








A. Crystal Resonator 
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' CZl 


V ^2 : 


V ^^ = 








330 


B. External Clock 
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h.0 , 


X1 
X2 




-I> 
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Open — 


Note: When the input is an external c 
cannot be set because the xi 
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Note : For 75P008. C3 = 22 pf and C4 


= 33pf 
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to System ground 
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Recommended Main System Clock Oscillator Circuit Constants 
(Mask ROM Parts and /iPD75CG216A) 

Main system clock = Ceramic; Ta = -40 to +85°C (for mask ROM parts) and -10 to +70°C (for jtiPD75CG216A) 



Manufacturer 



Product name (Note 1) 



C1(pF) 



02 (pF) 



Remarks 



Murata 



CSA 2.00MG 


30 


30 




CSA 4.19MG 


30 


30 




CSA 4.91 MG 


30 


30 




CAT 2.00MG 


None 


None 


C on-chip type 


CST 4.19MG 


None 


None 


C on-chip type 


CST4.91MG 


None 


None 


C on-chip type 


KBR-2.0 MS 


47 


47 


For mask ROM parts only 


KBR-4.0MS 


33 


33 




KBR-4.19MS 


33 


33 




KBR-4.91MS 


33 


33 




FCR-3.58M2 


30 


30 




FCR-4.00M2 


30 


30 




FCR-4.19M2 


30 


30 





Kyocera 



TDK 



FCR-4.19MC 



None 



None 



C on-chip type 



Notes: 

(1) Oscillation voltage range = 4.0 to 6.0 V for mask ROM parts and 
Vdd = 4.5 to 5.5 V for iuPD75CG216A 

Recommended Main System Clock Oscillator Circuit Constants 
(Mask ROM Parts and /iPD75CG216A) 

Main system clock = Crystal; Ta = -40 to -i-85°C (for mask ROM parts) and -10 to +70°C (for jttPD75CG216A) 



Manufacturer 


Frequency 
(MHz) 


Retainer 


Load Capacitance 
Cl(PF) 


CI (pF) 


C2 (pF) 


Oscillator Voltage Range 
Min (V) Max (V) 


KInseki 


2.00 


HC-18/U 


16 


20 


20 


4.5 


(Note 1) 




4.19 


HC-49/U 


16 


20 


20 


4.5 


(Note 1) 




4.91 


HC-43/U 


16 


20 


20 


4.5 


(Note 1) 



Notes: 

(1) Oscillation voltage range max = 6.0 V for mask ROM parts and 
5.5 V for 1UPD75CG216A. 

Recommended Subsystem Clock Oscillator Circuit Constants 
(Mask ROM Parts and /tPD75CG216A) 

Subsystem clock = Crystal; Ta = -10 to +60°C (for the mask ROM parts) and -10 to +70rC (for the |aPD75CG216A) 



Manufacturer 


Type 


Load Capacitance 
Cl (pF) 


C3 (pF) 


04 (pF) 


R(kQ) 


Oscillator Voltage Range 
Min (V) Max (V) 


KInseki 


P-3 


12 


22 


22 


330 


(Note 1) (Note 1) 


Citizen 


CFS-308 


14 


22 


33 


330 


(Note 1) (Note 1) 



Notes: 

(1) Oscillation voltage range is 2.7 to 6.0 V for the mask ROM parts 
and 4.5 to 5.5 V for the |uPD75CG216A. 
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Recommended Main System Clock Ceramic Resonators (i[iPD75CG208) 


External Capacitors 


Vdd Range 


Manufacturer Product name C1 (pF) C2 (pF) 


Min(V) Max(V) 


Murata CSA 4.19 MG 30 60 


4.5 5.5 



Kyocera 



KBR-2.09 MS 


68 


68 


4.5 


5.5 


KBR-3.58 MS 


33 


33 


4.5 


5.5 


KBR-4.19 MS 


33 


33 


4.5 


5.5 



KBR-4.9M 33 33 


4.5 5.5 


Recommended Main System Clock Crystal Resonators OiPD75CG208) 


External Capacitors 


Vdo Range 


Manufacturer (Note 1) Product name C1 (pF) (Note 2) C2 (pF) 


Min (V) Max (V) 


Kinsekl HC-49/U 15 15 


4.5 5.5 



Notes: 



(1) Equivalent series resistance of a crystal must be lower than 80 0. (2) Variable range of G1 for frequency trimming should be 10 to 33 

(pF). 



Power-on Reset Characteristics (Note 1) 

Ta = -40 to +85°C, Vdd = 2.7 to 6.0 (Mask ROM parts); Ta = - 


10 to -l-70°C, 


Vdd = 5V 


±10% (|uPD75CG208 and iaPD75CG216A) 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit Conditions 


POR high-level operating voltage 


Vddh 


4.5 




6.0 


V 


POR low-level operating voltage 


Vddl 







0.2 


V 


Supply voltage rise time 


tr 


10 




(Note 2) 


jUS 


Supply voltage OFF time 


toff 


1 






s 



POR circuit current dissipation (Note 3) 



'ddpr 



10 



100 



jttA Vdd = 5 V ± 10%; (jaPD752xx only) 



10 



200 



fxA 



Vdd = 5V±io% 
(|uPD75CG208/CG216A only) 



20 



fxA 



Vdd = 2.7 V (]uPD752xx only) 



Notes: 

(1) This circuit Is present on the ittPD75CG208 and ittPD75CG216. Itis 
a mask option on mask ROM parts and is not available on the 
jaPD75P216A. 

(2) 2l7/fxx (31.3 ms at fxx = 4.19 MHz). 

(3) Current which flows when the internal reset circuit and power-on 
flag are used. 



Figure 3. Power-on Reset Timing 
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DC Characteristics 

T^ = -40 to +85°C, Vdd = 2.7 to 6.0 V (Mask ROM parts); T^ = 



-10 to +70°C; Vdd = 4.5 to 5.5 V (Programmable Parts) 



Parameter 



Symbol 



MIn 



Typ 



Max Unit Conditions 



High-level input voltage 



V,H1 


0.7 Vdd 


Vdd 


V 


All except ports 0, 1, 6; X1, X2, XT1, RESET 


V|H2 


0.75 Vdd 


Vdd 


V 


PortsOandl; RESET 


V|H3 


Vdd-0.4 


Vdd 


V 


X1,X2,XT1 



VlH4 



0.65 Vdd 



Vdd 



Port 6; Vdd = 4.5 to 6.0 V (jaPD752xx only); 
5 V ±10% (programmable parts) 







0.7 Vdd 


Vdd 


V 


Port 6; Vdd = 2.7 to 6.0 V (|aPD752xx only) 


Low-level input voltage 


VlLI 





0.3 Vdd 


V 


All except ports 0, 1, 6; XI, X2, XT1, RESET 




VlL2 





0.2 Vdd 


V 


Ports 0,1, and 6; RESET 




V|L3 





0.4 


V 


X1,X2,XT1 


High-level output voltage 


VoH 


Vdd-1.0 




V 


All outputs; loH = -1 mA (Note 10) 




Vdd-0.5 




V 


All outputs; loH = -100 juA (Note 11) 


Low-level current 


l|L 




-300 -800 


^A 


I0-I7; V|N = OV; (iaPD75CG208/G216Aonly) 


Low-level output voltage 


Vol 




0.4 2.0 


V 


Ports 4 and 5; Iol= 15 mA (Note 10) 






0.4 


V 


All output pins; Iol= 1-6 mA (Note 10) 






0.5 


V 


All output pins; Iol= 400 jaA (|ttPD752xx only) 


High-level input leakage current 


Ilihi 




3 


ma 


All except XI, X2, and XT1; V|n = Vdd 




IlIH2 




20 


fxA 


X1,X2,andXT1;V,N = Vdd 


Low-level input 


•lili 




-3 


mA 


All except XI, X2, and XT1; V|n = V 


leakage current 


'UL2 




-20 


|uA 


X1,X2, andXT1;V,N = OV 


High-level output leakage current 


•loh 




3 


mA 


All output pins; Vqut = Vdd 


Low-level output leakage current 


'loli 




-3 


H^A 


All except display output pins; Vqut = V 




'lOL2 




-10 


IxA 


Display output pins; Vqut = Vlqad = Vdd-35 V 



Display output current 



•OD 



-5.5 



mA 



S0-S9 (Note 1) 

see Recommended External Circuit 



-5.5 



mA 



S0-S9; Vdd = 4.5 to 6.0 V; Vqd = Vdd -2 V 
(iaPD75P216A only) 



-1.5 



-3.5 



mA S0-S9; All except jtiPD75P216A (Note 2) 



-15 



-22 



mA 



T0-T15 (Note 1) 

see Recommended External Circuit 



-15 



-22 



mA 



T0-T15; Vdd = 4.5 to 6.0 V; Vqd = Vdd -2 V 
(jaPD75P216A only) 



-15 



mA T0-T15; All except jnPD75P216A (Note 2) 



Internal pull-down resistor 
(mask option) 



Rp6 



30 



80 200 kO 



Port 6; Vdd = 4.5 to 6.0 V (mPD75206/208) 



20 



80 200 kO 



Port 6; Vdd = 4.5 to 6.0 V (ittPD75212A/216A only); 
ViN = Vdd 



30 



1000 kQ Port 6; Vdd = 2.7 to 6.0 V (|ttPD75206/208) 



20 



1000 kQ 



Port 6; Vdd = 2.7 to 6.0 V (iaPD75212A/216A only); 
ViN = Vdd 



25 



70 135 kO 



Display output pins; Vdd-Vload = 35 V 
(jaPD75212A/216A/P216A) 



40 



70 120 kQ 



Display output pins; Vdd-Vload = 35 V 
(|uPD75206/208/CG208/CG216A) 
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DC Characteristics (cont) 



Parameter 



Symbol 



Min 



Typ 



Max 



Unit Conditions 



Supply current 
(Note 6) 



•ddi 



3.0 



9.0 mA Vdd = 5 V ± 10% (Note 4) 





0.55 


1.5 


mA 


Vdd = 3 V ± 10% (Note 5; mPD752xx only) 


'dD2 


600 


1800 


mA 


HALT mode; Vdd = 5 V ± 10% (No*© 12) 


(Note 3) 


200 


600 


(xA 


HALT mode; Vdd = 3 V + 10% (^PD752xx only) 


'dD3 


40 


120 


mA 


Vdd = 3 V ± 10% (Notes 7, 8; iaPD752xx only) 




100 


300 


fxA 


(Note 7; jttPD75CG208/CG216A and 
jaPD75P216A only) 



15 



mA 



HALT mode; Vdd = 3 V ± 10% 
(Notes 7, 8; jiiPD752xx only) 



40 



100 



fxA 



HALT mode (Notes 7, 8; juPD75CG208/CG216A 
and jaPD75P216A only) 



'DD5 



0.5 


20 


mA 


STOP mode; XT1 = OV; Vqd = 5 V ± 10 %; 
|uPD752xx only (Note 6) 


0.1 


10 


mA 


STOP mode; XT1 = OV; Vdd = 3 V ± 10 %; 
|itPD752xx only (Note 6) 


10 


200 


mA 


STOP mode; XT1 = OV; 

(Note 9; jttPD75CG208 and |ttPD75CG216A only) 



0.5 



200 



jaA STOP mode; XT1 = V (jaPD75P216A only) 



Notes: 

(1) Vdd = 4.5 to 6.0 V for mask ROM parts and Vdd = ^-^ to 5.5 V 
for programmable parts; Vqd = Vdd -2 V; VpRE = Vdd -9*1 V. 

(2) Vdd = 4.5 to 6.0 V for mask ROM parts and Vdd = 4.5 to 5.5 V 
for programmable parts; Vqd = Vdd -2 V; VpRE = V. 

(3) 4.19 MHz crystal oscillator; CI = C2 = 15 pF. 

(4) Value during high-speed operation and the processor control 
clock (PCC) Is set to 001 1 . 

(5) Value during low-speed operation and the processor control 
clock (PCC) Is set to 0000. 

(6) Does not Include pull-down resistor current for S0-S8 and T0-T9. 
In the mask ROM parts, the current for the power-on reset circuit 
(mask option) Is not included. In the jaPD75CG208/CG216A, the 
current for the piggyback EPROM and the current in the on-chip 
pull-up resistors for 10-17 is not included. 



(7) 32 kHz crystal oscillator. 

(8) Value when the system clock control register (SCC) is set to 
1001, generation of the main system clock pulse is stopped, and 
the CPU is operated by the subsystem clock pulse. 

(9) With the CE or OE of the piggybacked EPROM set high. 

(10) Vdd = 4.5 to 6.0 V for mask ROM parts and Vdd = 4.5 to 5.5 V 
for programmable parts. 

(11) Vdd = 2.7 to 6.0 V for mask ROM parts and Vdd = 4.5 to 5.5 V 
for programmable parts. 

(12) For the iaPD75CG208/CG216A, the CE or OE pin of the piggy- 
back EPROM is set to a high level. 

(13) No subsystem clock. 



4-110 



NEC 



jiiPD752Qx/7521x/75CG2xx/75P216A 



AC Characteristics 

Mask ROM parts: Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V 
Programmable parts: T^ = -10 to +70°C; Vpo = 5 V ±10% 



Parameter 



Symbol 



Min 



Typ Max Unit Conditions 



Cycle time: minimum 
instruction execution time 
(Note 1) 



^Y 



0.95 



32 



fi,s Main system clock; Vpo = 4.5 to Vdd n^ax 



3.8 



32 



|US 



Main system clock; Vqd = 2.7 to 6.0 V; 
(iaPD752xx only) 







114 


122 


125 


fXS 


Subsystem clock 


TIO input frequency 


h\ 







0.6 


MHz 


Vdd = 4.5 to Vdd max (ittPD752xx/P216A) 









165 


kHz 


Vdd = 2.7 to 6.0 V (ittPD752xx only) 









1 


MHz 


(jaPD75CG208/CG216A only) 



TIO input low- 

and high-level width 



*IL> *1H 



0.83 



jas 



Vdd = 4.5 to Vdd max (jliPD752xx and 
jaPD75P216A only) 



fiS Vdd = 2.7 to 6.0 V (iaPD752xx only) 



0.48 



jus (|uPD75CG208/CG216A only) 



SCK cycle time 



kCY 



0.8 



/lis Input; Vdd = 4.5 to Vdd max 



0.95 



(xs Output; Vdd = 4.5 to Vdd max 



3.2 



/Its Input; Vdd = 2.7 to 6.0 V OiPD752xx only) 



3.8 



jus Output; Vdd = 2.7 to 6.0 V (juPD752xx only) 



SCK low- and high-level width tKLi ^kh 



0.4 



(XS Input; Vdd = 4.5 to Vdd max 



0.5 tKCY - 50 



ns Output; Vdd = 4.5 to Vdd max 



1.6 



JUS Input; Vdd = 2.7 to 6.0 V (jaPD752xx only) 







0.5 t^CY - 150 




ns 


Output; Vdd = 2.7 V to 6.0 V (jaPD752xx only) 


SI vs. SCK T setup time 


tSIK 


100 




ns 




SI vs. SCK t hold time 


tKSl 


400 




ns 




SCK i -> SO output delay time 


kso 




300 


ns 


Vdd = 4.5 to Vdd max 






1000 


ns 


Vdd = 2.7 to 6.0 V (^PD752xx only) 


Interrupt inputs low- 


t|NTL. *1NTH 


(Note 2) 




(iS 


INTO 


and high-level width 


2tcY 




us 


INT1 




10 




tis 


INT2, INT4 


RESET low-level width 


tRSL 


10 




JUS 





Notes: 



(1) Cycle time is determined by the frequency of the oscillator 
connected to the microcomputer, system clock control register 
(SCC), Vdd. and the processor clock control (PCC). See the 
graph depicting the supply voltage vs. The cycle time when the 
microcomputer is operating on the main system clock. 

(2) 2tcY or 128/fxx. depending on the setting of the interrupt mode 
register (IMO). 



Recommended External Circuit 



VPRE 

Vload 

GND 



0+5V 




rih 
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DC Characteristics OiPD752xx only) 



Power Supply Current Iqq (nA) Typical 
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32.768 S 
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DC Characteristics OiPD752xx oniy) (cont) 





Iql vs Vol (Ports 4 and 5) 
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High-level Output Current Iqh (^A) Typical 
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Display Output Current Iqd (mA) Typical 
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Display Output Current Iod (mA) Typical 
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Figure 4. 
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Figure 5. AC Tinting Measurement Points 



Figure 7. Seriai Transfer Timing 



/\o.2V 



All Except X1 andXn 
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^^ Measurement 
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X / -°°-°---\o..v 



XT1 Input 
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X / ^■^-"■^'^^o.v 



Serial I/O Mode (3-Llne) 

tKCY 1 
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Data Memory STOP Mode Low Voltage Data Retention Characteristics 

Mask ROM parts: Ta = -40 to +85''C 
Programmable parts: T^ = -10 to +70°C 



Parameter 




Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Data retention voltage 




Vdddr 


2.0 




Vdd max 


V 




Data retention current (Note 1) 




boDR 




0.1 


10 


Jt*A 


Vdddr = 2.0 V (^PD752xx and |i*PD75P216A) 






10 


200 


M 


Vdddr = 2.0 V (jaPD75CG208/CG216A) 


Release signal SET time 




*SREL 









US 




Oscillation stabilization time (Note 


2) 


tWAIT 




2l7/fx 




ms 


Release by RESET input 






(Note 3) 




ms 


Release by interrupt request 



(2) 
(3) 



Notes: 

(1) Excludes the on-chip pull-down resistor and power-on reset 
circuit (mask option) in the mask ROM parts. 

Consult the vendor's resonator specification for this value. 

Oscillation stabilizatiori WAIT time is the time during which the 
CPU is stopped and the crystal is stabilizing. This time is 
required to prevent unstable operation while the oscillation is 
started. The interval timer can be used to delay the CPU from 
executing instructions using the setting of the basic interval 
timer mode register (BTM) according to the following table: 

6TM3 BTM2 BTM1 BTMO WAIT time (fxx = 4.19 MHz) 

-000 220/fjo^ (Approx 250 ms) 

1 1 2i7/fxx(Approx 31.3 ms) 

-10 1 2l5/fjoj (Approx 7.82 ms) 

- 1 1 1 2l3/fxx(Approx 1.95 ms) 



4-116 



NEC 



pPD7520x/7521x/75CG2xx/75P216A 



Figure 10. Data Retention Timing 
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B. STOP mode is released by interrupt signal 



Execution of 
STOP Instruction 



Standby release signal 
(Interrupt request) 



- STOP mode 

- Datei retention mode ■ 



V 



HALT mode 
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tSREL. 
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DC Programming Characteristics (ixPD75P216A only) 

Ta = 25 ± 5°C; Vdd - 6.0 ± 0.25 V; Vpp = 12.5 ± 0.3 V; Vss = V 


Parameter 


Symbol 




Min 




Typ 


Max 


Unit 


Conditions 


High-level Input voltage 


V|H1 




0.7 Vdd 






Vdd 


V 


All except XI, X2 




VlH2 




Vdd-0.5 






Vdd 


V 


X1,X2 


Low-level input voltage 


ViL1 











0.3 Vdd 


V 


All except X1.X2 




V|L2 











0.4 


V 


XI, X2 


Input leakage current 


i|L 










10 


mA 


V|N = V|LorV,H 


High-level output voltage 


VOH 




Vdd-1.0 








V 


'oh = -1 mA 


Low-level output voltage 


Vol 










0.4 


V 


Iql = 1.6 mA 


Vdd supply current 


»DD 










30 


mA 




Vpp supply current 


Ipp 










30 


mA 


MDO = V|l; MD1 = V,H 



Notes: 

(1) Vpp must not exceed -f 22.0 V, including overshoot. 



(2) Vdd is to be applied prior to Vpp and to be removed after Vpp is 
removed. 
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AC Programming Characteristics OaPD75P216A only) 

Ta = 25 ± 5°C; Vdd = 6-0 ± 0.25 V; Vpp = 12.5 ± 0.3 V; Vss = V 


Parameter 


Symbol 


EPROM Symbol (Note 1) 


Min Typ 


Max 


Unit 


Conditions 


Address setup time (Note 2) 


tAS 




tAS 


2 




HIS 




MD1 to MDO i setup 


tM1S 




tOES 


2 




fXS 




Data to MDO i setup 


tDS 




tDS 


2 




jas 




Address hold from MDO t (Note 2) 


tAH 




tAH 


2 




jllS 




Data hold from MDO t 


tDH 




tDH 


2 




jttS 




Data output float delay from MDO t 


tDF 




tDF 





130 


ns 




Vpp setup to MD3 1 


Vps 




tvps 


2 




las 




Vdd setup to MD3 1 


Vds 




tvcs 


2 




MS 




Initialized program pulse width 


tpw 




tpw 


0.95 1 


1.05 


ms 




Additional program pulse width 


topw 




topw 


0.95 


21 


ms 




MDO setup to MD1 t 


tMOS 




tCES 


2 




)ttS 




Data output delay from MDO i 


tDV 




tDV 




1 


fXS 


MDO = MD1 = V|L 


MD1 hold to MDO t 


tM1H 




tOEH 


2 




fiS 


tM1H +tM1R^ 50 MS 


MD1 recovery from MDO i 


tM1R 




tOR 


2 




jtlS 


tM1H + tM1R ^ 50 MS 


Program counter reset 


tpCR 




- 


10 




jttS 




X1 input high/low level width 


^XH. tXL 




- 


0.125 




fiS 




X1 input frequency 


fxx 




- 




4.19 


MHz 




Initial mode set 


t| 




- 


2 




jllS 




MD3 Setup to MD1T 


tM3S 




- 


2 




ias 




MD3 hold to MD1 i 


^M3H 




- 


2 




jtlS 





MD3 setup to MDO i 


tM3SR 


- 


2 




MS 


Address -^ data output delay time (Note 2) 


tOAD 


tACC 


2 




MS 


Address -» data output hold time (Note 2) 


tHAD 


toH 





130 


ns 


MD3 output hold from MDO t 


tMSHR 


- 


2 




MS 



During program read cycle 



Data output float delay from MD3 i 



MS 



Notes: 

(1) These symbols correspond to those of the mPD27C256 EPROM. 



(2) The internal address signal is incremented by the rising edge of 
the fourth X1 pulse; it is not connected to an external pin. 
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Figure 11. OTP Memory Write Timing (Programmabie) 
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Figure 12, OTP Memory Read Timing (Programmable) 
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NEC Electronics Inc. 



jiPD75268 

4-Bit Microcomputer 

With FiP® (VF) Controller/Driver 



Description 

The ^PD75268 is a low-cost, high-performance, single- 
chip CMOS microcomputer containing CPU, ROM, RAM, 
I/O ports, several timer/counters, a FIP controller, vec- 
tored interrupts, main and subsystem clocks, and serial 
interface. The devices are ideally suited for controlling 
VCRs, microwave ovens, electronic stoves, washing ma- 
chines, electronic cash registers, audio equipment, and 
meters. 

(For the programmable equivalents, use iaPD75CG216 or 
MPD75P216A.) 

Features 

n 103 instructions 

— Bit manipulation 

— 4-bit add and subtract 

— 4-bit and 8-bit transfer 

— GETI instruction, to convert one 2-byte or two 
1-byte instructions into a single 1-byte Instruction 

— 1-byte relative branch 

D Fast execution time (@ 4.19 MHz) 

— High-speed cycle: 0.95 j^s 

— Lower-voltage cycles: 1.91 and 15.3 /iis 

n 8064 bytes of program ROM 
n 512 X 4 bits of program RAM 
n Eight 4-bit registers 

n 32 port lines 

— 20 general-purpose I/O, 8 outputs directly drive 
LEDs (Isink = 15 mA rms) 

— 8 Input-only lines 

n Three timers 

— 8 -bit basic interval timer 

— 8 -bit timer/event counter 

— 14-bit watch timer with buzzer output 

n Programmable FIP controller with memory area 

— Up to 16 segments 

— Up to 16 digits 

FIP is a registered trademark of NEC Corporation 



8-bit serial Interface 

— Data transfer can be full duplex or receive only, 
and can be MSB or LSB first 

Vectored interrupts 

— Three external interrupts 

— Four internal Interrupts 

Two Interrupt requests 

Standby modes 

— HALT mode: stops CPU only 

— STOP mode: stops main system clock 

Operates with oscillator or ceramic resonator 
CMOS technology, with Vdd from 2.7 to 6.0 V 



Ordering Information 



Part Number 


Package Type 


ROM 


|aPD75268CW-xxx 


64-pin plastic SDIP 


Masl< ROM 


iaPD75268GF-xxx-3BE 


64-pin plastic QFP 


Mask ROM 



Note: 

XXX indicates ROM code. 
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Pin Configurations 
64'PinSDiP 



S3C 


1 V 


-y 64 


:ivdd 


S2C 


2 


63 


1S4 


S1 c 


3 


62 


DS5 


soc 


4 


61 


DS6 


POo/INT4 C 


5 


60 


1S7 


PO1/SCKC 


6 


59 


DS8 


PO2/SO c 


7 


58 


3S9 


PO3/SI c 


8 


57 


3VpRE 


PIq/INTO c 


9 


56 


I^Vload 


PI1/INTI c 


10 


55 


3 T15/S10 


PI2/INT2 c 


11 


54 


DT14/S11 


P^ /TIO C 


12 


53 


3 T13/S12/PH0 


P2oC 


13 


52 


3 T12/S13/PH1 


P2iC 


14 


51 


3T11/S14/PH2 


P22C 


15 


50 


3 TIO/SI5/PH3 


P23/BUZ c 


16 


49 


3T9 


P3oC 


17 


48 


DT8 


P3i C 


18 


47 


3 17 


P32C 


19 


46 


3T6 


PSaC 


20 


45 


DT5 


P60C 


21 


44 


3T4 


P61 c 


22 


43 


DT3 


P62C 


23 


42 


DT2 


P63C 


24 


41 


3T1 


P4oC 


25 


40 


DTO 


P4iC 


26 


39 


3 RESET 


P42C 


27 


38 


DP53 


P43C 


28 


37 


DP52 


NCC 


29 


36 


3 P51 


X1C 


30 


35 


lP5o 


X2C 


31 


34 


3XT2 


VssC 


32 


33 


DXTI 








83RD-6557A 
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Pin Configurations 
64'Pin QFP 





nnnnnnnnnnnnnnnnnnn 




P4iC 
P42 C 
P43C: 
NCC 
X1 C 

X2c: 
VssC 

XT1 C 
XT2 C 
P5o C 
P5i C 
P52 C 

PSgC 


51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 

52 32 

53 31 

54 30 

55 29 

56 28 

57 27 

58 26 

59 25 

60 24 

61 23 

62 r-\ 22 

63 ^^ 21 

64 20 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 


3 PO1/SCK 
3 PO0/INT4 
ISO 
Dsi 

DS2 
DS3 

:] vdd 

DS4 

:ds5 

DS6 
DS7 
DS8 
3S9 






UUUUUUUUUUUUUUUUUUU 
H H H H 


83RD-6558B 







Pin Identification 


Symbol 


Function 


PO0/INT4 


Port input; interrupt 4 


P0i/5UR 


Port input; serial clocl< 


PO2/SO 


Port input; serial out 


PO3/SI 


Porto input; serial in 


PI0/INT0 


Port 1 input; interrupt 


PI1/INTI 


Port 1 input; interrupt 1 


PI2/INT2 


Port 1 input; interrupt 2 


PI3/TI0 


Port 1 input; timer input 


P20-P22 


Port 2 I/O 


P23/BUZ 


Port 2 I/O; buzzer output 


P3o-P33 


Port 3 I/O 


P40-P43 


Port 4 I/O 


P50-P53 


Port 5 I/O 


P60-P63 


Port 6 I/O 


PH0/TI3/SI2 


Port H output; digit select line; segment select line 


PH1/TI2/SI3 


Port H output; digit select line; segment select line 


PH2/T1 1/814 


Port H output; digit select line; segment select line 


PH3/TIO/SI5 


Port H output; digit select line; segment select line 


S0-S9 


FIP segment outputs 


T0-T9 


FIP digit select outputs 



Symbol 


Function 


T14/S11 
T15/S10 


Digit selects T14 and T15; segment selects S10 and 
S11. 


X1,X2 


Main clock inputs 


XT1,XT2 


Subsystem clock inputs 


RESET 


Reset input 


VpRE 


FIP predriver negative supply voltage 


Vload 


FIP liigh-voltage negative supply voltage 


Vdd 


Positive power supply 


Vss 


Ground 



PIN FUNCTIONS 

POo/INT4, Pd/SCK, PO2/SO, PQ3/SI 

These pins can be used as 4-bit input port 0. Or, POq can 
also be used for vectored interrupt 4, wliich interrupts on 
eitlier tlie leading edge or the trailing edge of the signaK 
P0rP03 may also be used for the serial interface in the 
2/3 wire mo de. S I is the serial input, SO is the serial 
output, and SGK is the serial clock. Reset causes these 
pins to default to the port input mode. 
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PI0/INTO, PI1/INTI, PI2/INT2, PI3/TIO 

These pins can be used as 4-bit input port 1 . Or, PI and 
PI1 can also be used for edge-triggered interrupts INTO 
and INT1. Pig can be used for INT2, which is also an 
edge-triggered input, but one which generates an inter- 
rupt request and does not cause an interrupt. PI 3 can be 
used as an input clock to the timer/event counter to 
count external events. Reset causes these pins to de- 
fault to the port 1 input mode. 

P2o, P2i, P22, P23/BUZ 

These pins can be used as 4-bit I/O port 2. When used as 
an output, the data is latched. When used as an input 
port the port outputs are three-state. P23 can also be 
used to output square waves for a buzzer. Reset causes 
these pins to default to the port 2 input mode. 

P30-P33, P40-P43, P50-P53 

Ports 3, 4, and port 5 are 4-bit I/O ports with latched 
outputs. Ports 4 and 5 will directly drive LEDs. Each bit of 
port 3 can be independently programmed to be either an 
input or an output, while ports 4 and 5 can be pro- 
grammed to be either an input port or an output port. A 
reset signal causes these ports to default to the input 
mode. 

P60-P63 

Port 6 is a 4-bit I/O port. Outputs are latched, and each 
bit can be independently programmed to be either an 
input or an output. Port 6 can have pulldown resistors 
added as a mask option. A reset signal causes this port 
to default to the input mode. 

PH0/TI3/SI2, PHi/T12/St3, PH2/TII/SI4, 
PH3/TIO/SI5 

Port H IS a 4-bit output-only port, with P-channel open- 
drain outputs capable of directly driving LEDs. Output 
pulldown resistors can be selected as a mask-option. 
Alternatively, these pins can be used as high-voltage 
digit/segment outputs (T1 3/S15 - T10/S1 2). A reset signal 
causes this port to default to the high-Impedance state; 
if mask-option resistors are present the output goes low. 

S0-S9 

These are high-voltage outputs used as FIP controller 
segment signals, pulldown resistors can be selected as a 
mask-option. A reset signal sets these pins to the high- 
impedance state; if mask-option resistors are present 
the outputs go low. 



T0-T9 

These are high-voltage outputs used as FIP controller 
digit select timing signals, pulldown resistors can be 
selected as a mask-option. A reset signal sets these pins 
to the high-impedance state; if mask-option resistors are 
present the outputs go low. 

T14/S11,T15/S10 

These two pins provide additional digit or segment 
selectors. When not used for the display they can be 
used as static outputs. Internal pulldown resistors are 
available as a mask option. 

X1,X2 

These pins are the main system clock inputs. The clock 
can be either a ceramic resonator or a crystal; an 
external logic signal may also be used. 

XT1,XT2 

These pins are the subsystem clock inputs. The clock 
can be either a ceramic resonator or a crystal; an 
external logic signal may also be used. 



RESET 

This is the reset input, and it is active low. 

VpRE 

This is the power supply for the predrivers of the FIP 
controller. 

Vload 

This pin is used to supply power to the output drivers for 
the segment and digit select pins of the FIP controller. 

Vdd 

The system positive power supply pin. 

Vss 

System ground. 
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Block Diagram 



T10/PI3 



BUZ/P23 < 



1NT0/PI0 • 
1NT1/PI1 < 

\m2JP^2 ' 

INT4/P00 ' 



Basic 
Interval 
Timer 



O 



INTBT 



Timer/Event 
Counter 



I INTTO 



O 



Watch 
Timer 



T" 

INTW 



O 



SI/P03 0— ^ 


Clocked 


SO/PO2 O'*— 


Serial 


SCK/P01 0^^ 


Interface 



o 



Interrupt 
Control 



CO 




^H Porto ^TJ PO0-PO3 



< ^ Port1 ^O PI0-PI3 



(^ Porta (4^ P20-P23 



<^ Port3 (^ P30-P33 



^[^ Port 4 ^A^ P40-P43 



(^ Ports <Y> P50-P53 



O P°^t6 (4^ P60-P63 



im 

XT1 XT2 X1 X2 



111 

Vdd Vss Reset 








30 


\n/ 


FIP 


x> 




Controller/ 






Driver 


x> 


=> 




30 




\ 


' t 




INTKS 





T10/SI5/PH3- 
T13/S12/PH0 

T14/S11 
T15/S10 

S0-S9 



'LOAD 



PortH Z[>PHo-P^^ 
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ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings 

Ta « 250c 



Supply voltage, Vqd 


-0.3 to +7.0 V 


Supply voltage, Vload 


VDD-40toVDD+0.3V 


Supply voltage. VpRE 


VDD-12toVDD+0.3V 


Input voltage, V|n 


-0.3 to Vdd + 0.3 V 


Output voltage, Vq (other than display) 


-0.3 to Vdd + 0.3 V 


Output voltage, Vqd (display pins) 


Vdd -40 to Vdd +0.3 V 


(single pin; other than display) 


-15 mA 


High-level output current, Iqh 
(single pin; S0-S9) 


-15 mA 


High-level output current, Iqh 
(single pin; T0-T15) 


-30 mA 


High-level output current, Iqh 
(total of all pins other than display) 


-20 mA 


High-level output current, Iqh 
(total of all display outputs) 


-120 mA 



Low-level output current, Iql 
(single pin) 


17 mA 


Low-level output current, Iql 
(total of all pins) 


60 mA 


Power dissipation, Pd (plastic QFP) 


450 mW (Note 1) 


Power dissipation, Pd (plastic SDiP) 


600 mW (Note 1) 


Storage temperature, t^Q 


-65 to +150^0 


Operating temperature, topr 


-40 to +85''C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 
Notes: 

(1) Care must be taken when designing the microcomputer that the 
total power dissipation does not exceed the maximum allowable. 
Power Is dissipated in three areas: 

a. At the CPU. Pd Is calculated by the product of Vdd (n^^) 
and lDDi(mdx). 

b. By the output pins. Total power dissipation Is the sum of the 
values for each pin when maximum current is applied. 

c. By the pulldown resistors. 



Main System Clock Oscillator Characteristics 

Ta == -40 to +85''C; Vdd * 2.7 to 6.0 V 



Oscillator 


Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Conditions 


Ceramic resonator 


Oscillation frequency (Note 1) 


fxx 


2.0 




5.0 


iVIHz 




(Figure 1A) 


Oscillation stabilization time (Note 2) 








4 (Note 3) 


ms 




Crystal resonator 


Oscillation frequency (Note 1) 


fxx 


2.0 


4.19 


5.0 


MHz 




(Figure 1A) 


Oscillation stabilization time (Note 2) 








10 (Note 3) 


ms 


Vdd « 4.5 to 6.0 V 










30 (Note 3) 


ms 




External ciocl( 


XI input frequency 


fx 


2.0 




5.0 


MHz 




(Figure IB) 


XI Input high- and iow-level width 


*XH' *XL 


100 




250 


ns 





Notes: 

(1) The oscillation frequency and XI input frequency are included 
only to show the frequency range of the oscillators. Refer to the 
AC Characteristics table for actual Instruction execution times. 

(2) The oscillation stabilization time is the time required for the 
oscillator to stabilize after Vdd '® applied or the STOP mode is 
released. 



(3) Values shown are typical values for resonators. Actual values 
should be obtained from the manufacturer's specification 
sheets. 
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Subsystem Clock Oscillator Characteristics 

Ta « -40 to +85''C; Vqd ^ 2.7 to 6.0 V 


Oscillator 


Parameter 


Symbol 


MIn 


tVp 


Max 


Unit 


Condltlone 


Crystal resonator 


Oscillation frequency (Note 1) 


f>cr 


32 


32.768 


35 


kHz 




(Rgure 2A) 


Oscillation stabilization time (Note 2) 






1.0 


2 (Note 3) 


8 


Vdd = 4.5 to 6.0 V 










10 (Note 3) 


8 




External clock 


XT1 Input frequency 


f>cr 


32 




100 


kHz 




(Figure 2B) 


XT1 Input high- and low-level width 


tXTH. *XTL 


10 




32 


ti» 





Notes: 

(1) The oscillation frequency and XI input frequency are Included 
only to show the frequency range of the oscillators. Refer to the 
AC Characteristics table for actual Instruction execution times. 

(2) The oscillation stabilization time is the time required for the 
oscillator to stabilize after Vdd '^ applied or the STOP mode is 
released. 

F^ure I. Main System Clock Configurations 



Values shown are typical values for resonators. Actual values 
should be obtained from the manufacturer's specification 
sheets. 



Figure SL Sulmystem Clock Configurations 



A. Ceramic/Crystal Resonatoi 




83RD-6443A 






X1 
X2 


C1 I 


= 


V C2 I 










B. External Clock 




No r 


X1 
X2 


HPD74HCU04 


-i>- 











A. Crystal Resonator 




83RD-6444A 






XT1 
XT2 


22 pF I 


' 1=3 


V 33pF I 




330 


B. External Clock 




K. 


XT1 
XT2 


Open — 
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Capacitance 

VpD ^^ V; Ta « as'^c 
Parameter 



Symbol Min Max Unit Conditions 



Input capacitance Qn 



Output capacitance; Cquti 
Oti>er tlian display 
output pins 



Output capacitance; CouT2 
Display output pins 



I/O capacitance 



C|o 



15 



15 



35 



pF f « 1 iVIHz 
All unmeasured 
pins returned 
■~;i~" to ground 



15 



Operating Suppiy ^felt^ge 

Ta« -40to +85''C 






Parameter 


MIn 


Max 


Unit 


CPU (Note 1) 


(Note 2) 


6.0 


V 


Display controller 


4.5 


6.0 


V 


Other hardware (Note 1) 


2.7 


6.0 


V 



Notes: 

(1) The CPU does not include the system clock oscillator and the 
display controller. 

(2) Varies according to the cycle time. See AC Characteristics. 



DC Characteristics 

Ta = -40 to +85'*C; Vqd =» 2.7 to 6.0 V 



Parameter 



Symbol MIn 



TVP 



Max 



Unit Conditions 



High-level input voltage 



V|H1 



0.7 Vdd 



Vdd 



All except ports and 1; RESET; XI, X2, XT1 



V|H2 



0.75 Vdd 



Vdd 



POrtaO and 1; RESET 



V|H3 



Vdd-0.4 



Vdd 



X1,X2,XT1 



V|H4 



0.65 Vdd 



Vdd 



Port 6; Vdd =* 4.5 to 6.0 V 







0.7 Vdd 


Vdd 


V 


Port 6; Vdd « 2.7 to 6.0 V 


Low-level input voltage 


V|L1 





0.3 Vdd 


V 


All except ports 0, 1, and 6; RESET; XI, X2, XT1 




V|L2 





0.2 Vdd 


V 


R)rts 0, 1 and 6; RESET 




V|L3 





0.4 


V 


X1,X2,XT1 


High-level output voltage 


VOH 


Vdd-1.0 




V 


All outputs; Vdd * 4.6 to 6.0 V; Iqh « -1 mA 




Vdd-0.5 




V 


All outputs; Vdd ^ 2.7 to 6.0 V; Iqh - -100 ^A 


Low-level output voltage 


Vol 


0.4 2.0 


V 


Ports 4 and 5; Vdd = 4.6 to 6.0 V; Iol= 15 mA 






0.4 


V 


All output pins; Vdd = 4.6 to 6.0 V; Iol== 1-6 mA 






0.5 


V 


All output pins; Vqd = 2.7 to 6.0 V; Iql- 400 juA 


High-level input iealcage current 


'lihi 




3 


M 


All except XI, X2, and XT1; V,n « Vdd 




'lIH2 




20 


M 


X1,X2,andXT1;V,N = Vdd 


Low-level input leal<age current 


Ilili 




-3 


M 


All except XI, X2, and XT1; V,n = V 




•lIL2 




-20 


^A 


X1,X2,andXT1;V|N = OV 


High-level output iealcage current 


'loh 




3 


M 


All output pins; Vqut = Vdd 


Low-level output leal<age current 


•loli 




-3 


fxA 


All except display output pins; Vqut = V 




'lOL2 




-10 


pA 


Display output pins; 

V0UT = Vl0AD«Vdd-35V 



Display output current 



'OD 



-5.5 



mA 



SO - S9; (Note 1) and Recommended External 
Circuit (figure 3) 



-1.5 



-3.5 



mA SO -S9; (Note 2) 



-15 



-22 



mA 



TO - T15; (Note 1) and Recommended External 
Circuit (figure 3) 



-7 



-15 



mA TO - T15; (Note 2) 
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DC Characteristics (cont) 


Parameter Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Internal pulldown resistor Rpg 


20 


80 


200 


kO 


Port 6; Vdd = 4.5 to 6.0 V; V,n « Vqd 


(mask option) 


20 




1000 


kO 


Port 6; Vdd ^ 2.7 to 6.0 V; V,n » Vdd 


Rl 


25 


70 


135 


kQ 


Display output pins; Vdd-Vlq^d - 35 V 



Supply current 
(Note 6) 



bDi 



3.0 



9.0 



mA Vdd = 5 V ± 10% (Notes 3, 4) 



0.55 



1.5 



mA Vdd = 3 V ± 10% (Notes 3, 5) 



Idd2 



600 



1800 



IttA HALT mode; Vdd * 5 V ± 10% (Note 3) 



200 



600 



IttA HALT mode; Vdd = 3 V ± 10% (Note 3) 



Idd3 



40 



120 



mA Vdd * 3 V ± 10% (Notes 7, 8) 



Idd4 



15 



pA HALT mode; Vdd ** 3 V ± 10% (Notes 7, i 



bos 



0.5 



20 



STOP mode; XT1 » OV; Vdd « 5 V ± 10 % 



0.1 



10 



j»A STOP mode; XT1 = OV; Vdd = 3 V ± 10 % 



Notes: 

(1) Vdd * 4.5 to 6.0 V; Vqd - Vdd -2 V; Vrre « Vdd -9 ±1 V 

(2) Vdd - 4.5 to 6.0 V; Vqd - Vqd -2 V; Vrre = V 

(3) 4.19 MHz crystal oscillator; 01 » 02 » 15 pF. 

(4) Value during high-speed operation; processor control clock 
(POO) is set to 0011. 



AC Characteristics 

Ta = -40 to +85*'0; Vdd = 2.7 to 6.0 V 



(5) Value during low-speed operation; processor control clock (POO) 
Is set to 0000. 

(6) Does not Include internal pulldown resistor current. 

(7) 32 MHz crystal oscillator 

(8) Value when the system dock control register (SOO) Is set to 1001 , 
main system dock is stopped, and the suissystem clock operates 
the chip. 



Parameter 



Symbol 



Typ 



Max Unit Conditions 



Cycle time 

minimum instruction execution time ■ 



(Note 1) 



tCY 



0.95 



32 



jUS 



CPU using main system clock; 
Vdd « 4.5 to 6.0 V 



3.8 



32 



CPU using main system clock; 
Vdd « 2.7 to 6.0 V 







114 


122 


125 


pS 


CPU using subsystem clock; 
Vdd = 2.7 to 6.0 V 


TIO input frequency 


fTI 







0,6 


MHz 


Vdd = 4.5 to 6.0 V 









165 


kHz 


Vdd == 2.7 to 6.0 V 


TIO Input high- and low-level width 


*IH« tjL 


0.83 






jttS 


Vdd = 4.5 to 6.0 V 




3 






iiis 


Vdd - 2.7 to 6.0 V 



SCK cyde time 



VCY 



0.8 



jas Input; Vdd = 4.5 to 6.0 V 



0.95 



itts Output; Vdd = 4.5 to 6.0 V 



3.2 



Input; Vdd = 2.7 to 6.0 V 



3.8 



jttS Output; Vdd = 2.7 to 6.0 V 



SCK high- and low-level width 



kH. ^KL 



0.4 



l*s Input; Vdd = 4.5 to 6.0 V 



0.5tKCY~50 



ns Output; Vdd = 4.5 to 6.0 V 



1.6 



j»s Input; Vdd == 2.7 to 6.0 V 



0.5tKcr-150 



ns Output; Vdd = ^"^ to 6.0 V 
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AC Characteristics (cont) 


Parameter 


Symbol 


MIn 


Typ Max 


Unit 


Conditions 


SI to SCKT setup time 


tsiK 


100 




ns 




SI to SCKT hold time 


tKSI 


400 




ns 




SCR i to SO output delay time 


tKSO 




300 


ns 


Vdd « 4.5 to 6.0 V 






1000 


ns 


Vdd = 2.7 to 6.0 V 


Interrupt Inputs 


tiNTH. 
tiNTL 


(Note 2) 




us 


INTO 


low- and high-level width 


2tcY 




jttS 


INT1 




10 




jttS 


INT2, INT4 




tRSL 


10 




^ 





Notes: 

(1) Cycle time Is determined by the frequency of the oscillator 
connected to the microcomputer, system clock control register 
(SCC), and the processor clock control (PCC). See the graph 
depicting the Supply Voltage to the cycle time (figure 4) when the 
microcomputer Is operating on the main system clock. 



(2) 2tcY or 128/fxxi depending on the setting of the Interrupt mode 
register OMO). 



Data Memory STOP Mode Low Voltage Data Retention Characteristics 

TA«-40to +85''C 



Parameter 


Symbol 


Min 


Typ 


IMax 


Unit 


Conditions 


Data retention voltage 


Vdddr 


2.0 




6.0 


V 




Data retention current 


'dddr 




0.1 


10 


IttA 


Vdddr *= 2.0 V (Note 1) 


Release signal SET time 


*SREL 









i»s 




Oscillation stabilization time (Note 2) 


twArr 




(2) 




ms 


Release by RESET input 






(2) 




ms 


Release by interrupt request 



Notes: 

(1) Excludes current in the internal pulldown resistors. 

(2) Oscillation stabilization WAIT time is the time during which the 
CPU is stopped and the crystal Is stabilizing; consult the ven- 
dor's resonator or crystal specifications sheet for this value. This 
time is required to prevent unstable operation while the oscilla- 
tion is started. The interval timer can be used to delay the CPU 
from executing instructions using the basic interval timer mode 
register (BTIVI) according to the following table: 

BTM3 BTM2 BTIVI1 BTMO WAIT time 



220/fxx(Approx 250 ms) 
2l7/fjQj (Approx 31.3 ms) 
2i5/fjQj (Approx 7.82 ms) 
2''3/fxx (Approx 1.95 ms) 



Figure 3, Recommended Externa! Circuit 
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Intempilnput Timing 



R^ET input Timing 




Data Retention Timing 



A. STOP mode is released by RESET input 
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fiPD7530x/31x/P308/P316 

4-Bit Microcomputers 

With LCD Controller/Driver 



Description 

The /iPD753Qx/31x is a family of higii-performance 
single-chip CMOS microcomputers containing CPU, 
ROM, RAM, I/O ports, several timer/counters, vectored 
interrupts, subsystem clock, and serial interface. 

The instruction set allows the user to manipulate RAM 
data and I/O ports in 1-, 4-, and 8-bit units. The devices 
are ideally suited for controlling VCRs, telephones, 
meters, handheld instruments, and devices with LCDs. 

Development tools include a low-cost in-circuit emula- 
tor, relocatable assembler, and C-like structured assem- 
bler. 

Both EPROM and OTP versions are available. See order- 
ing information. 

Features 

D 103 instructions 

— Bit manipulation 

— 4-bit and 8-bit transfer 

— 1-byte relative branch 

— GETI instruction converts one 2-byte/3-byte or 
two 1-byte Instructions into a single 1-byte 
instruction 

n Fast execution time 

(Main system clock @ 4.19 MHz) 

— High-speed cycle: 0.95 /iS 

— Lower-voltage cycles: 1.91 and 15.3 ji/s 

n Program ROM 

— /iPD75304: 4096 bytes 

— /iPD75306: 6016 bytes 

— /iPD75308/P308: 8064 bytes 

— /iPD75312: 12160 bytes 

— /iPD75316/P316/P316A: 16256 bytes 

° Data memory (RAM) 

— 512x4 bits 

-Allows operation on 1, 4, or 8 bits 

° Bit sequential buffer 

— 16-blt, bit manipulation memory 

n Eight 4-blt registers or four 8-bit registers 

n Accumulators 

— 1-bit (CY) 

— 4-bit (A) 

— 8-bit (XA) 

n 24 I/O lines 



—All outputs directly drive LEDs 
(Isink = 15 mA rms) 

— 8 N-channel open-drain, can withstand 10 V 

— 8 input-only lines 

n One external event input 

n Subsystem clock allows watch timer and LCD 
controller to operate in STOP mode 

n Three timers 

— 8-bit basic interval timer 

— 8-bit timer/event counter 

— 14-blt watch timer 

a LCD controller/driver 

— 32 segment lines 

— 4 common lines 

— 4 operating modes: static; multiplexed 1/2 bias; 
triplexed 1/2 or 1/3 bias; quadruplexed 1/3 bias 

— LCD resistor ladder available as a mask option 

n 8-bit serial interface 

— SBI mode 

— 2- or 3-wire mode: Data transfer can be full 
duplex or receive only and can be MSB or LSB 
first 

° Vectored interrupts 
— Three external interrupts 
— Three internal interrupts 

— Nine inputs which generate an interrupt request 

° Standby modes 

— HALT mode: stops CPU only 

— STOP mode: stops main system clock 

n Optional pullup resistors 

— By software: 23 lines 

— By mask option: 8 lines 

n Operates with oscillator or ceramic resonator 
n CMOS operation, with Vqd from 2.7 to 6.0 V 

D Programmable versions 

— OTP & EPROM: juPD75P308 

— OTP:/iPD75P316 

— OTP, low voltage: jLiPD75P316AGF (Note) 

— EPROM, low voltage: /iPD75P316AK (Note) 

n Low operating current (@5 V and 4.19 MHz) 

— Normal operation: 2.5 mA typical 

— HALT mode: 0.5 mA typical 

— STOP mode: 0.1 mA typical 

Note: Low voltage target spec of 2.7 to 6.0 V operation. 
Contact your local NEC Sales Office fa latest Infor- 
mation; none of the electrical specifications In this 
data sheet directly apply to these parts. 
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Ordering Information 



Part Number 


Package Type 


ROM 


jttPD75304GF.xxx-3B9 


80-pln plastic QFP 


Mask ROM 


jiiPD75306GF-xxx-3B9 


80-pin plastic QFP 


Mask ROM 


]aPD75308GF-xxx-3B9 


80 -pin plastic QFP 


Mask ROM 


ittPD75P308GF-3B9 


80 -pin plastic QFP 


OTP 


ittPD75P308K 


80 -pin ceramic LCC 
w/wlndow 


EPROM 


1IIPD75312GF-XXX-3B9 


80-pln plastic QFP 


Mask ROM 



Part Number 



ittPD76316GF-xxx-3B9 



jttPD75P316GF-3B9 



^PD75P316AGF-3B9 



iaPD75P316AK 



Package Type 



80-pin plastic QFP 



80 -pin plastic QFP 



80 -pin plastic QFP 



ROM 



Mask ROM 



OTP 



Low 

voltage 

OTP 



80 -pin ceramic LCC 
w/window 



Notes: 

(1) XXX indicates ROM code suffix. 



Low 

voltage 

EPROM 



Pin Configurations 



S12C 1 o 
S131: 2 
S14II 3 
S151: 4 
S16C 5 

S17C 6 
SI8C 7 
S19C 8 
S20I: 9 
S21C 10 
S22C 11 
S23C 12 

S24/BP0C 13 

S25/BP1 C 

S26/BP2C 

S27/BP3C 

S28/BP4C 

S29/BP5C 

Sso/BPeC 
S31/BP7C 

COMOC 
C0M1 C 
C0M2C 
C0M3C 



I^ CD 10 
,L_ DC DC DC 

^ ^ - - 
CO CO c\j T- 

nnnnnnnnnnnnnnnri 



cuoof^toioti-eocvjT-oo) 



yuuuuuuuuyuyuuuu 



-J _i _j Q. cl a. 



CM CO CO w . 

Q. > a. ol 



DP70/KR4 
3 P63/KR3 
1 P62/KR2 
DP61/KR1 
DP60/KR0 
1X2 

DX1 

iNCorVpp* 

1XT2 

DXT1 

IVdd 

lP33/MD3t 

DP32/MD2^ 

DP31/SYNC/MD1 + 

3 P30/LCDCL/MD0+ 

1 P23/BUZ 

3 P22/PCL 

DP21 

1P20/PTO0 

IPI3/TIO 

DPl2/INn"2 

3 P1 1 /INT1 

D PI /INTO 

3 PO3/SI/SBI 



Ol 

* Pin 57 is Vpp in the programmable pacloge. Connect tliis pin to Vqd '" tlie |xPD75P308/P31 6/P31 6A, 

+ MD0-MD3 sire used as tlie programming mode selection pins on the ^PD75P308/P31 6/P31 6A during EPROM and OTP programming and verification. 
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Pin Identification 



Symbol 



Function 



BIAS 



LCD power bias output 



BPo/S24 
BP1/S25 
BP2/S26 
BP3/S27 
BP4/S28 
BP5/S29 
BPe/SSO 
BP7/S3I 



1-bit output ports BP0-BP7; 
LCD segments S24-S31 



COIVI0-COIVI3 


LCD Common output 0-3 


NC/Vpp 


No connection (programming pin for 
]aPD75P308/P316/P316A) 


PO0/INT4 


Port input; interrupt 4 


PO1/SCK 


Port input; serial dock 


PO2/SO/SBO 


Port input; serial out 


PO3/SI/SBI 


Port input; serial in 


PI0/INTO 


Port 1 input; interrupt 


PI1/INTI 


Port 1 input; interrupt 1 


P2i/INT2 


Port 1 input; interrupt 2 


PI3/TIO 


Port 1 input; timer input 


P2o/PTOo 


Port 2 I/O; timer/event counter output 


P2i 


Port 2 I/O 


P22/PCL 


Port 2 I/O; clock output 


P23/BUZ 


Port 2 I/O; buzzer output 


P3o/LCDCL/IVIDO 


Port 3 I/O; LCD clock output ; programming 
mode select (|[iPD75P308/P316/P316A) 


P3i/SYNC/MD1 


Port 3 I/O; SYNC output; programming mode 
select 1 (^PD75P308/P316/P316A) 


P32/MD2 


Port 3 I/O; programming mode select 2 
(jaPD75P308/P316/P316A) 


P33/MD3 


Port 3 I/O; programming mode select 3 
(]aPD75P308/P316/P316A) 


P40-P43 


Port 4 I/O 


P50-P53 


Port 5 I/O 


P60/KRO 


Port 6 I/O; key scan Input 


P61/KRI 


Port 6 I/O; key scan input 1 


P62/KR2 


Port 6 I/O; key scan input 2 


P63/KR3 


Port 6 I/O; key scan input 3 


P7o/KR4 


Port 7 I/O; key scan input 4 


P7i/KR5 


Port 7 I/O; key scan input 5 


P72/KR6 


Port 7 I/O; key scan input 6 


P73/KR7 


Port 7 I/O; key scan input 7 


RESET 


Reset input 


S0-S23 


LCD segment output 


Vlco 


LCD drive level 



Symbol 


Function 


VlC1 


LCD drive level 1 


VlC2 


LCD drive level 2 


XI, X2 


Main clock inputs 


XT1,XT2 


Subsystem clock inputs 


Vdd 


Positive power supply 


Vss 


Ground 



PIN FUNCTIONS 

PO0/INT4, PO1/SCK, PO2/SO/SBO, PO3/SI/SBI 

These pins can be used as 4-bit input port 0. POq can 
also be used for vectored interrupt 4, which interrupts on 
either the leading edge or the trailing edge of the signal. 
PO1-PO3 may also be used for the serial interface. SI is 
the serial input, SO is the serial output, and SCK is the 
serial clock. Reset causes these pins to default to the 
port input mode. 

PI0/INTO, PI1/INTI, PI2/INT2, PI3/TIO 

These pins can be used as 4-bit input port 1 . PI0 and P1 1 
can also be used for edge-triggered interrupts INTO and 
INT1. PI2 can be used for INT2, which is also an 
edge-triggered input, but one which generates an Inter- 
rupt request and does not cause an Interrupt. PI3 can be 
used as an input clock to the timer/event counter to 
count external events. Reset causes these pins to de- 
fault to the port 1 input mode. 

P2o/PTOO, P2i, P22/PCL, P23/BUZ 

These pins can be used as 4-blt I/O port 2. When used as 
an output the data is latched. When used as an input port 
the port outputs are three-state. P2o can also be used as 
the output of the timer/event counter flip flop (TOUT); 
P22 can be used as the output (POL) for the clock 
generator; and P23 can be used to output square waves 
for a buzzer Reset causes these pins to default to the 
port 2 input mode. 
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P3o/LCDCL/MDO, P3i/SYNC/MD1, P32/MD2, 
P33/MD3 

These pins are used for I/O Port 3. Each bit in this port 
can be independently programmed to be either an input 
or an output. This port has latched outputs, and can 
directly drive LEDs. P3o and P3i can also be used 
respectively as LCD clock and LCD sync outputs. P3o- 
P33 are used as the programming mode select pins for 
the MPD75P308/P316/P316A during EPROM/OTP pro- 
gramming and verification. A reset signal causes this 
port to default to the input mode. 

P40-P43, P50-P53 

Port 4 and Port 5 are identical 4-bit I/O ports which can 
be combined together to function as a single 8-bit port. 
Latched outputs will directly drive LEDs. Outputs are 
N-channel open drain, and can withstand up to 10 volts; 
pull-up resistor mask options are available for these 
ports. A reset signal causes these ports to default to the 
input mode. 

P60/KRO, P61/KRI, P62/KR2, P63/KR3 
P7o/KR4, P7i/KR5, P72/KR6, PTs/KR? 

Ports 6 and 7 are 4-bit I/O ports which can be combined 
together to function as a single 8-bit port. Outputs are 
latched. Each pin of port 6 can be independently pro- 
grammed to be either an input or an output, while port 7 
can be programmed to be either all inputs or all outputs. 
Alternately, these pins may be used to detect the falling 
edge of inputs KRO - KR3 (port 6) and KR4 - KR7 (port 7). 
A reset signal causes these ports to default to the input 
mode. 

S0-S23 

These are the LCD segment drivers. 

COM0-COM3 

These are the LCD common input drivers. 

BP0/S24-BP7/S3I 

These can be used either as eight 1-bit ports or as 
additional LCD segment drivers. When used as segment 
outputs they are selectable in 4-bit increments. 



VlC0-VlC2 

These pins are used to set the drive levels for the LCD. If 
the internal resistor ladder mask option is selected, 
these pins are outputs; if the internal resistor ladder is 
not selected, these pins are inputs to which an external 
resistor network must be connected. 

BIAS 

Thes output is used in conjunction with the Vlco - Vlc2 
pins to set the LCD contrast level. 

NC/Vpp 

This pin may be left unconnected when using the 
mPD7530x/31x. For the iitPD75P308/P316/P316A, this pin 
is used as the programming voltage input during the 
EPROM write/verify cycles. When the devices are not 
being programmed, this pin should be connected to Vqd- 

X1,X2 

These pins are the main system clock inputs. The input 
can be either a ceramic resonator or a crystal; an 
external logic signal may also be used. 

XT1,XT2 

These pins are the subsystem clock inputs. The input can 
be either a ceramic resonator or a crystal; an external 
logic signal may also be used. 



RESET 

This is the reset input, and it is active low. 

Vdd 

The system positive power supply pin. 

Vss 

System ground. 
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Block Diagram 



T10/P13 

PTO0/P20 



SI/SBI/PO3 

SO/SBO/PO2 

SCK/PO1 



INTO/PI0 
INTI/PI1 
INT2/PI2 
INT4/PO0 
KRO/P60 
-KR7/P73 



Basic 
Interval 
Timer 



O 



Timer/Event 

Counter 

#0 



O 



imro 



Watch 
Timer 



O 



TT 

im-W fLCD 



Clocked 

Serial 

Interface 



O 



INTCSI 



Interrupt 
Control 



O 



Bit 
Sequencial 
Buffer (16) 



o 



H 



V> 



Program 
Counter(13) 




H 



SP(8) 



iZ 



ROM 
Program Memory 

(The Memory size 

varies depending 

on the product 

type.) 



II 



t> 



Decode 

and 
Control 



O 



General 
Register 



RAM 
Data Memory 

512x4 bits 



O 



^ Port C ^4~l PO0-PO3 



^^ Porti ^OpIo-PIs 



O P°^t2 (y> P20-P23 



Sr-w/ ^'^"' "* Stt/ MD0-MD3 



O P°^t4 <3[> P40-P43 



(^ Ports 04)>P5o-P53 



^[^ Porte ^4^ P60-P63 



<(^ Port? (y> P70-P73 



=> 







fx/2^ 






Clock 
Output 
Control 


Clock 


System Clock 
Generator 


Stand By 
Control 


Div 


der 


Sub 


Main 



^LCD- 



S0-S23 



LCD 

Cont- 
roller/ 
Driver 



— V S31/BP7 

""4^ COM0-COM3 

Co VlC0-VlC2 
» BIAS 

• LCDCL/P30 
I SYNC/P31 



PCLyP22 



rTTT 

XT1 XT2 XI X2 



1 IJ_1 

VdD Vss RESET Vpp* 



* : MD0-MD3 and Vpp are used for EPROM products. 



Product Comparison 



Item 


j*PD75304 


^PD75306 


MPD75308 


ftPD75P308 


HIPD75312 


MPD75316 


jttPD75P316/A 


Program memory 


IVIasl< ROIVI 
OOOH-FFFH 
4096 X 8 bits 


IViask ROM 
0000H-177i-H 
6016 X 8 bits 


Mask ROM 
0000H-1F7FH 
8064x8 bits 


EPROM/OTP 
0000H-1F7FH 
8064 X 8 bits 


Mask ROM 
0000H-2F7FH 
12160 X 8 bits 


Mask ROM 
O0OOH-3F7FH 
16256x8 bits 


OTP& EPROM* 
0000H-3F7FH 
16256x8 bits 


Data memory 








512 X 4 bits 








3-byte branch 
instructions 


Not included 


Included 


included 


Included 


included 


Included 


Included 


Other instruction 
set 






Common to the products 






Program counter 


12 bit 


13 bit 


13 bit 


13 bit 


Mbit 


14 bit 


Mbit 


Ports 4 and 5 
puliup resistor 


IVIask option 


Mask option 


Mask option 


None 


Mask option 


Mask option 


None 


LCD resistor 
ladder 


Mask option 


mask option 


Mask option 


Not included 


Mask option 


Mask option 


Not included 
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Product Comparison (cont) 


Item 


f(PD75304 


juPD75306 


fiPD75308 


fiPD75P308 


ittPD75312 


jttPD75316 


MPD75P316/A 


Vpp, PROIVI 

programming 

pins 


None 


None 


None 


Included 


None 


None 


Included 


Operating voltage 
range 


2.7 to 6.0 V 


2.7 to 6.0 V 


2.7 to 6.0 V 


5 V ± 10% 


2.7 to 6.0 V 


2.7 to 6.0 V 


5 V ± 10% 
2.7 to 6.0 V* 



Package 



80-pln plastic QFP 



80 -pin plastic 


80-pin plastic QFP 


80-pin plastic 


QFP 




QFP 


80-pin 




80-pin ceramic 


ceramic 




LCC w/window* 


LOG with 







*jttPD75P316A only. 

ADDRESS SPACES AND 
MEMORY MAPS 

The 75X architecture has two separate address spaces, 
one for program memory (ROM), and another for data 
memory (RAM). 

Program Memory (ROM) 

The ROM is addressed by the program counter. The size 
of the program counter is 12, 13, or 14 bits; its size 
depends on which member of the family is being used, as 
does the amount of ROM present. The ROM contains 
program object code, interrupt vector table, a GETI 
instruction reference table, and table data. Table data 
can be obtained using the table reference instruction, 
MOVT. 

Figure 1 shows the addressing range which can be made 
using a branch instruction or subroutine call instruction. 
In addition, the BR PGDE and BR PCXA instructions can 
be used for a branch where only the low 8 bits of the PC 
are changed. The program memory addresses are: 

75304: OOOH to FFFH 
75306: OOOOH to 177FH 
75308: OOOOH to 1F7FH 
75P308: OOOOH to 1F7FH 
75312: OOOOH to 2F7FH 
75316: OOOOH to 3F7FH 
75P316: OOOOH to 3F7FH 
75P316A: OOOOH to 3F7FH 



All locations if ROM except OOOOH and 0001 H can be 
used as program memory However, if interrupts or GETI 
instructions are used, the locations corresponding to 
those functions cannot be used. Addresses are normally 
reserved as follows: 

OOOH to 0001 H: This address area is use d as the 
vector address for RESET, and also 
contains the MBE bit. 

0002H to OOOBH: This area is used for interrupt vector 
addresses. Each vector address 
contains an MBE bit value, and the 
interrupts can start from any location 
except where noted. 

0020H to 007FH: This is the table area for GETI 
instructions. The GETI instruction is 
used to access one 2-byte/3-byte or 
two 1-byte instructions using one 
byte of program memory. This is 
useful in compacting code. 
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Figure 


1- 


Program Memory Map 










Address 


7 


6 







OOOOH 
0002H 
0004H 
0006H 
0008H 
OOOAH 

0020H 

007FH 

0080H^ 

07FFH^ 

0800H^ 

OFFFH^ 

1000H^ 

1FFFH^ 

2000H^ 

2FFFF^ 
3000H^ 

3F7FH^ 


MBE 





Internal reset start address 
(high order six bits) 




, 


CB 

ddr 
ction 




r 


Internal reset start address 
(low order eight bits) 


CALLF 

Ifaddr 

instruction 

entry 

address 


MBE 





INTBT/INT4 start address 
(high order six bits) 


INTBT/INT4 start address 
(low order eight bits) 




BR 

lea 
instrt 


MBE 





INTO start address 
(high order six bits) 


INTO start address 
(low order eight bits) 


bra 
add 


nch 
ress 


MBE 





INT1 start address 
(high order six bits) 






INT1 start address 
(low order eight bits) 


CALL 

laddr 

instruction 

subroutine 

entry 

address 

BR ! addr 

instruction 

branch 

address 

BR$addr 
instruction 
relative 
branch 
address 
(-15 to 
+16) 


MBE 





INTCSI start address 
(high order six bits) 


INTCSI start address 
(low order eight bits) 


MBE 





INTTO start address 
(high order six bits) 


INTTO start address 
(low order eight bits) 


\ 




i 


GETI instruction reference table 


^ 




I: 






^ 




i 


? 


G^TI 

instruction 
branch 

destination 
address, 

subroutine 

entry 
address 


^ 




^ 


? 


5 




\ 


^ 


\ i 


' 


' 1 
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Program Counter (PC) 

This is a 12/13/14-bit binary counter tliat contains tlie 
address of tlie current program memory location. Tlie 
75304 contains a 12-bit PC, tlie 75306/8 lias a 13-bit PC, 
and the 75312/16 each contain a 14-bit PC. 

When an instruction is executed, the PC is automatically 
incremented by the number of bytes of the current 
instruction. When a branch instruction (BR, BRCB) is 
executed, the contents of the immediate data or register 
pair indicating the new address are loaded into some or 
all the bits of the PC. When a subroutine call instruction 



(CALL, CALLF) is executed or an interrupt is generated, 
the PC is Incremented to point to the next instruction, 
and this information is saved on the stack. During an 
interrupt, the program status word (PSW) is also auto- 
matically saved on the stack. The address to be jumped 
to by the CALL or interrupt is then loaded into the PC. 

When a return instruction (RET, RETS, or RETI) is exe- 
cuted, the contents of the stack are restored to the PC. 

Data Memory (RAM) 

The data memory contains three memory banks, 0, 1, 
and 15. The RAM memory map is shown in figure 2. The 
memory consists of general purpose static RAM and 
peripheral control registers, and accessed by using the 
MBE (memory bank enable) and by programming the BS 
(bank select register). If MBE = 0, the lower 128 nibbles 
of memory bank and the upper 128 nibbles of memory 
bank 15 are accessed. If MBE = 1, the upper four bits In 
the BS register will specify the memory bank. The values 
are OH for memory bank 0, 1 H for memory bank 1 , and 
OFH for memory bank 15. Memory banks and 1 each 
contain 256 nibbles; while the memory is organized in 
nibbles, the 75X architecture allows the data to be 
manipulated in bytes, nibbles and individual bits. 

The data memory is used for storing processed data, 
general purpose registers, and as a stack for subroutine 
or interrupt service. The last 32 nibbles of bank 1 are 
used to store the LCD display data. If this area is not 
completely used by the LCD, It may be used as general- 
purpose RAM. Because of its static nature, the RAM will 
retain its data when CPU operation Is stopped and the 
chip is in the standby mode, provided Vdd is at least 2 
volts. 

There are eight 4-bit general-purpose registers in bank 
starting at location OOH. These registers may also be 
used as four 8-bit registers. The on-chip peripheral 
control registers and ports reside in the upper 128 
nibbles of bank 15. Bank 15 addresses which are not 
assigned to a register are not available as random 
memory except for the 16-bit sequential buffer. Also, the 
lower 128 nibbles of bank 15 do not contain RAM. 
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Figure 2. Data Memory Map 
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Addressing Modes 

The/iPD753Qx/31x Is able to address data memory and 
ports as individual bits, nibbles, or bytes. The address- 
ing modes are as follows: 

1-bit direct data memory 
4-bit direct data memory 
4-bit register Indirect (@rpa) 
8-bit direct data memory 
8-bit register Indirect (@HL) 

See table 1 for data memory addressing and table 2 for 
peripheral control register addressing. 



Table I. Data Memory Addressing Modes 



Addressing Mode Representation Format 



How tlie Address is Created 



1 -bit direct addressing mem. bit 



if l\/IBE = 0, tiie memory banl< is Banl< for addresses 00H-7FH, and Banic 15 
for addresses 80H-F FH. 

if MBE = 1 , the memory bank is selected by tiie four bits of the i\/IBS. 
The bit to be manipulated is specified In mem. bit 



4-bit direct addressing mem 



if MBE = 0, the memory bank is Bank for addresses 00H-7FH, and Bank 15 

for addresses 80H-FFH. 
If MBE = 1 , the memory bank is selected by the four bits of the MBS. 
The bit to be manipulated is specified in mem. 



8-bit direct addressing mem (must be an even address) If MBE = 



0, the memory bank is Bank for addresses 00H-7FH, and Bank 15 
for addresses 80H-FFH. 



If MBE = 1, the memory bank is selected by the four bits of the MBS. 
The bit to be manipulated is specified in mem. 



4-bit register Indirect @H L 
addressing 



The memory bank is selected by the four bits of the MBS, and the location 
within the memory bank is contained in register HL 



^DE The memory bank is always Bank 0, and the location within the memory bank is 

contained in register DE 



@DL 



The memory bank is always Bank 0, and the location within the memory bank is 
contained in register DL 



8-blt register Indirect @HL (must be an even address) 
addressing 



The memory bank is selected by the four bits of the MBS, and the location 
within the memory bank Is contained in register HL 
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Table 1, Data Memory Addressing Modes 



Addressing Mode 



Representation Format 



How tiie Address is Created 



Bit manipulation 
addressing 



fmem.bit 



pmem.@L 



+ mem.bit 



The memory banl^ is Banl< 15, and the location is fmem, where 

fmem = FBOH-FBFH for interrupts 

fmem = FFOH-FFFH I/O ports 
The actual bit is specified in fmem.bit 



The memory location is independent of MBE and MBS. The upper 10 address 
bits of the location are contained in the ten high order bits of pmem and the two 
lower address bits are contained in the two upper bits of register L 
The bit to be manipulated is specified by the two LSBs of register L. 

The memory bank is selected by the four bits of the MBS, and the location is 
determined by the following: 

The four upper bits are the contents of register H 

The four lower bits are mem. 
The actual bit is specified in mem.bit. 



Stack addressing 



The memory bank is always Bank 0, and the location is indicated by the stack 
pointer (SP) 



MBE: memory bank enable bit 

MB: memory bank 

MBS: memory bank select register 

mem: a location within a memory bank 

mem.bit: a bit at a specified memory location. 

fmem and pmem are specialized cases of mem. 



Table 2. Addressing Modes During Peripheral Hardware Operation 



IManipulatlon 



Addressing IVIode 



Appiicabie Hardware 



1-bit 



With MBE = (or MBE = 1 and MBS := 15) direct addressing 
(specification in mem.bit) 



All hardware where bit manipulation can be 
performed 



Direct addressing regardless of how MBE and MBS are set. 
(specification in fmem.bit) 



ISTO, MBE 

lExxx, IRQxxx, PORTn.x 



Indirect addressing regardless of how MBE and MBS are set. 
(specification in pmem. @L) 



BSBn.x 
PORTn.x 



4-blt 



With MBE = (or MBE = 1 and MBS = 15) direct addressing 
(specification in mem.bit) 



All hardware where 4-bit manipulation can be 
performed 



With MBE = 1 and MBS 
(specification in @HL) 



15, register indirect addressing 



8-blt 



With MBE = (or MBE == 1 and MBS = 15) direct addressing 
(specification in mem); mem must be an even address 

With MBE = 1 and MBS ~ 15, register indirect addressing 
(specification in @HL); L register must contain an even number 



All hardware where 8-bit manipulation can be 
performed 
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Instruction Execution Times 

The minimum instruction execution time is 0.95 ^s witli 
a 4.19l\/IHz clock. The PCC register can be used to 
program the CPU's minimum instruction cycle time to 
0.95, 1.91, or 15.3 Ms; all three speeds presuppose a 
4.19 MHz crystal. Reducing the CPU clock speed will 
reduce the microprocessor's power consumption. 

Instruction Set 

The instruction set contains the following features: 



Versatile bit manipulation Instructions 
Efficient 4-'bit manipulation instructions 
8-blt data transfer instructions 
GETI instruction to reduce program size 

• Vertically stored instructions and base correction 
Instructions 

• Table reference instructions 

• 1-byte relative branch instructions 

Symboi Definitions 

The /[iPD7530x/31x family uses the following symbol 
definitions: 



Symbol 


Definition 


A 


A register; 4-blt accumulator 


B 


B register; 4-blt accumulator 


C 


C register; 4-bit accumulator 


D 


D register; 4-blt accumulator 


E 


E register; 4-blt accumulator 


H 


H register; 4-blt accumulator 


L 


L register; 4-bit accumulator 


X 


X register; 4-blt accumulator 


XA 


XA register pair; 8-bit accumulator 


BC 


BC register pair 


DE 


DE register pair 


DL 


DL register pair 


HL 


HL register pair 


PC 


Program counter 


SP 


Stack pointer 


CY 


Carry flag; bit accumulator 


PSW 


Program status word 


MBE 


Memory bank enable flag 


PORTn 


Port n (n = 0-7) 


IME 


Interrupt master enable 


lExxx 


Interrupt enable flag 


MBS 


Memory bank selection register 


PCC 


Clock processor control register 


, 


Separation between address and bit 


(XX) 


The contents addressed by xx 


xxH 


Hexadecimal data 



Operation Code Symbols 

The following opcode symbols are used with the 
/nPD7530x/31x family 



reg, regl 






R2 Ri 


. Ro 


Register 








A (reg only) 





1 


X (reg, regl) 


1 





L (reg, regl) 


1 


1 


H (reg, reg1) 


1 





E (reg, regl) 


1 


1 


D (reg, regl) 


1 1 





C (reg, regl) 


1 1 


1 


B (reg, regl) 


@rpa, @rpal 




Q2 Qi 


_ Qo 


Addressing 





1 


@HL (@rpa only) 


1 





@DE (@rpa, @rpal) 


1 


1 


©DL (@rpa, @rpa1) 


Ns N2 


Nl 


No lExxx 








lEBT 





1 


lEW 


1 





lETO 


1 





1 lECSI 


1 


1 


lEO 


1 


1 


1 IE2 


1 





IE4 


1 1 


1 


IE1 


register pairs 




P2 Pi 


reg-pair 


rp rpl rp2 





XA 


X 


1 


HL 


X X 


1 


DE 


X XX 


1 1 


BC 


XXX 



Operation Representation Format and 
Description Method 

An operand Is entered in the operand field of each 
instruction according to the format of the instruction 
(see assembler specifications). When two or more en- 
tries are indicated in the description method, one should 
be selected. Capital letters and symbols must be en- 
tered exactly as shown. For immediate data, a proper 
numeric value or label should be entered. 
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Tables. 


Symbol Abbreviations 


Symbol 


Description 


reg 
r©g1 


X,A, B,C, D, E, H.L 
X, B,C, D, E, H,L 


rp 
rpl 
rp2 


XA, BC.DE, HL 
BC, DE, HL 
BC, DE 


rpa 
rpa1 


HL. DE, DL 
DE, DL 


n4 
n8 


4-bit immediate data or label 
8-bit immediate data or label 


mem (Note 1) 8-blt Immediate data or label 
bit 2-bit immediate data or label 


fmem 
pmem 


FBOH-FBFH, FFOH-FFFH immediate data or 

label 

FCOH-FFFH immediate data or label 



MOV 



Symbol 


Description 


addr, caddr 


//PD75304: OOOH-FFFH immediate data or label 




/iPD75306: 0000H-177FH immediate data or 
label 




/iPD75308/P308: 0OOOH-1F7FH immediate data 
or label 




/iPD75312: 0O0OH-2F7FH immediate data or 
label 




^PD75316/P316: 0000H-3F7F immediate data or 
label 


faddr 


1 1 -bit Immediate data or label 


taddr 


20H-7FH immediate data (where bit = 0) or 
label 


PORTn 

lExxx 

MBn 


Port 0-Port 7 

lEBT, lECSI, lETO, IE0-IE4, lEW 

MBO, MB1,MB15 



Notes: 



(1) Memory address must be an even number in 8-bit processing. 



Instruction Set 










Mnemonic Operand 


Bytes 


Machine Cycle 


Operation 


Skip Condition 


Transfer 



A, #n4 


1 


1 


A«-n4 


String A 


reg1,#n4 


2 


2 


regl <- n4 




XA, #n8 


2 


2 


XA-^n8 


String A 


HL, #n8 


2 


2 


HL*-n8 


String B 


rp2, #n8 


2 


2 


rp2 *- n8 




A, @HL 


1 


1 


A*-(HL) 




A, @rpa1 


1 


1 


A <- (rpa1) 




XA, @HL 


2 


2 


XA<«-(HL) 




@HL, A 


1 


1 


(HL)*-A 




@HL,XA 


2 


2 


(HD-XA 




A, mem 


2 


2 


A «- (mem) 




XA, mem 


2 


2 


XA ♦- (mem) 




mem, A 


2 


2 


(mem) «- A 




mem, XA 


2 


2 


(mem) - XA 




A, regl 


2 


2 


A*- (regl) 




XA, rp 


2 


2 


XA^^rp 




regl, A 


2 


2 


reg1 *- A 





rp1,XA 



rp1 *-XA 
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Instruction Set (cont) 


Mnemonic Operand 


Bytes 


Machine Cycle 


Operation 


Sldp Condition 


Transfer (coht) 



XCH 



A, @HL 



A, @rpa1 



XA, @HL 



A, mem 



XA, mem 



A, reg1 



SKE 



A'«'(HL) 



A ♦♦ (rpa1) 



XA**(HL) 



• (mem) 



XA ♦♦ (mem) 



A ** (reg1) 





XA, rp 


2 


2 


XA**rp 




MOVT 


XA,@PCDE 


1 


3 


XA^(PCi2.8+DE)rom 






XA, @PCXA 


1 


3 


XA-(PCi2.8+XA)rom 




Arithmetic 


ADDS 


A, #n4 


1 


1 + S 


A '«- A+ n4 


Carry 




A, @HL 


1 


1 + S 


A "«- A+ (HL) 


Carry 


ADDC 


A, @HL 


1 


1 


A, CY*-A+(HL)+CY 




SUBS 


A, @HL 


1 


1 + S 


A'«-A-(HL) 


Borrow 


SUBO 


A, @HL 


1 


1 


A, CY'*-A-(HL)-CY 




AND 


A, #n4 


2 


2 


A<-AAn4 






A, @HL 


1 


1 


A*-AA(HL) 




OR 


A, #n4 


2 


2 


A*-AVn4 






A, @HL 


1 


1 


A*-AV(HL) 




XOR 


A, #n4 


2 


2 


A<-AX0Rn4 






A,@HL 


1 


1 


A<-AXOR(HL) 




Accumulator Manipulation 


RORC 


A 


1 


1 


CY-Ao.A3-CYAn-i-An 




NOT 


A 


2 


2 


A^-A 




Increment/Decrement 


INCS 


reg 


1 


1 + S 


reg <- reg+ 1 


reg = 




@HL 


2 


2+S 


(HL)-(HL) + 1 


(HL) = 




mem 


2 


2+S 


(mem) ♦- (mem) + 1 


(meiTfi) = 


DECS 


reg 


1 


1 + S 


reg <- reg-1 


reg = FH 


Comparison 



reg, #n4 


2 


2+S 


skip if reg = n4 


reg = n4 


@HL, #n4 


2 


2+S 


sl<ip if (HL) = n4 


(HL) = n4 


A, @HL 


1 


1 + S 


skipifA= (HL) 


A = (HL) 



A, reg 


2 


2+S 


skip if A = reg 


A = reg 


Carry Flag Manipulation 


SET1 CY 


1 


1 


CY«-1 




CLR1 CY 


1 


1 


CY*-0 




SKT CY 


1 


1 + S 


skip if CY = 1 


CY= 1 


N0T1 CY 


1 


1 


CY*-CY 
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Instruction Set (cont) 



Mnemonic Operand 



Bytes Machine Cyeie Operation 



SIcip Condition 



Memory Bit Manipulation 



SET1 



mem.bit 



fmem.bit 



pmem.@L 



@H + mem.bit 



(mem.bit) *- 1 



(fmem.bit) *- 1 



(pmem7.2+L3.2.bit(Li^)) *- 1 



(H +mem3.o.blt) *- 1 



CLR1 



mem.bit 



fmem.bit 



pmem.@L 



@H + mem.bit 



(mem.bit) *- 



(fmem.bit) *- 



(pmem7.2 + L3.2.blt(Li^)) - 



(H +mem3.o.bit) *- 



SKT 



mem.bit 



fmem.bit 



pmem.@L 



@H + mem.bit 



2+S 



skip If (mem.bit) = 1 



2+S 



skip If (fmem.bit) 



2+S 



skip if (pmem7.2 + L3.2.bit(Li.o)) = 



2+S 



sklplf (H + mem3^.blt) = 1 



(mem.bit) 



(fmem.bit) = 1 



(pmem.@L = 1) 



(@H+ mem.bit) 



SKF 



mem.bit 



fmem.bit 



pmem.@L 



@H + mem.bit 



2+S 



skip if (mem.bit) = 



2+S 



skip if (fmem.bit) = 



2+S 



skip If (pmem7.2 + L3.2.blt(Li.o)) = 



2+S 



skip If (H+mem3.o.blt) = 



(mem.bit) = 



(fmem.bit) = 



(pmem.@L = 0) 



H+ mem.bit) = 



SKTCLR 



fmem.bit 



pmem.@L 



@H + mem.bit 



2+S 



skip If (fmem.bit) = 1 and clear 



2+S 



skip if (pmem7.2 + L3-2-blt(Li^)) = 1 and 
clear 



2+S 



skip If (H+mem3-o.blt) = 1 and clear 



(fmem.blt) = 1 



(pmem.@L = 1) 



H+ mem.bit) = 1 



AND1 


CY, fmem.bit 


2 


2 


CY^CY A (fmem.bit) 




CY pmem.@L 


2 


2 


CY *- CY A (pmem7.2 + L3.2.bit(Li.o)) 




CY @H + mem.bit 


2 


2 


CY *- CY A (H+mem3.o.blt) 


0R1 


CY fmem.bit 


2 


2 


CY-CYV (fmem.bit) 




CY, pmem.@L 


2 


2 


CY *- CY V (pmem7.2 + L3.2.bit(Li.o)) 




CY@H + mem.bit 


2 


2 


CY-CYV(H+mem3.o.bit) 


X0R1 


CY fmem.bit 


2 


2 


CY^CYXOR (fmem.bit) 




CY pmem.@L 


2 


2 


CY "^ CYXOR (pmem7.2+L3.2.blt(Li^)) 




CY@H + mem.bit 


2 


2 


CY *- CY XOR (H + mem3.o.bit) 


Brancfi 


BR (Note 1) 


addr 


- 


- 


PC12-0 "^ sclclr 




laddr 


3 


3 


PC12-0 *- addr 




$addr 


1 


2 


PC12-0 "^ addr 


BRCB 


Icaddr 


2 


2 


PC12.0 *- PCi2-o+caddrii.o 


Subroutine Stacic Control 


CALL 


laddr 


3 


3 


(SP-4)(SP-1)(SP-2) *- PC11.0 
(SP-3) - (iVIBE, 0, 0, PC12) 
PC-,2-0 *- addr, SP ^ (SP-4) 


CALLF 


Ifaddr 


2 


2 


(SP-4)(SP-1)(SP-2) - PC11.0 
(SP-3) *- (MBE. 0, 0, PC12) 
PC12-0 *- 00. faddr, SP - (SP-4) 
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GETI 



taddr 



Instruction Set (cont) 


Mnemonic Operand 


Bytes 


Machine Cycle 


Operation 


Sicip Condition 


Subroutine Stack Control (cont) 


RET 




3 


(MBE, PC12) *- (SP+1) 

PCii.o-(SP)(SP+3)(SP+2) 

SP*-(SP+4) 




RETS 




3+S 


(MBE, PCi2)-(SP+1) 

PCii.o*-(SP)(SP+3)(SP+2) 

SP *- (SP+4), then skip unconditionally 


Unconditional 


RETI 




3 


(PCi2)*-(SP + 1) 

PCii.o-(SP)(SP+3)(SP+2) 

PSW *- (SP+4)(SP+5), SP - (SP+6) 




PUSH rp 




1 


(SP-1)(SP-2) ^ rp, SP *- (SP-2) 




BS 


2 


2 


(SP-1) - MBS, (SP-2) *- O.SP - (SP-2) 




POP rp 




1 


rp-(SP+1)(SP),SP-(SP+2) 




BS 


2 


2 


MBS«^(SP + 1), SP*- (SP+2) 




interrupt Control 


El 


2 


2 


IME *- 1 




lExxx 


2 


2 


lExxx *- 1 




Dl 


2 


2 


IME*-0 




lExxx 


2 


2 


IExxx*-0 




input/Output (Note 2) 


IN A, PORTn 


2 


2 


A *- PORTni (n = to 7) 




XA, PORTn 


2 


2 


XA *- PORTn+1, PORTn; (n = 4, 6) 




OUT PORTp, A 


2 


2 


PORTn *- A; (n = 2 to 7) 




PORTn, XA 


2 


2 


PORTn+1, PORTn - XA; (n = 4, 6) 




CPU Control 


HALT 


2 


2 


Set HALT mode (PCC.2 - 1) 




STOP 


2 


2 


Set STOP mode (PCC.3-1) 




NOP 


1 


1 


No operation 




Special 


SEL MBn 


2 


2 


MBS*-n; (n == 0, 1, 15) 





When (taddr)7.6 = 00, 

PCia-o-^ (taddr)4.o + (taddr +1) 
When (taddr)7.6 = 01, 

(SP-4) (SP-1) (SP-2) - PC11.0; 

(SP-3) <- (MBE,0,0,PCi2); 

PC12-0*- (taddr)4.o + (taddr +1); 

SP *- SP-4 
When (taddr)7.6 = 10, 

(taddr), (taddr+1) instructions are 

executed. 



Depends on the 
referenced Instruction 



Notes: 

(1) Appropriate instructions are selected from BR laddr, BRCB 
Icaddr, and BR $saddr by the assembler. 

(2) When executing the IN/OUT Instruction, either MBE must be 
reset to 0, or MBE and MBS must be set to 1 and 15, respectively 
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Input/Output Ports 

There are eight 4-bit ports; some are I/O ports and 
some are input only. Figure 3 shows the structure of the 
ports and table 4 lists the features. Figure 3 also shows 
the structure of inputs and outputs of the other pins. 

Table 4. Types and Features of Digital Ports 



Port 


Function 


operation and Features 


Remarks 


PORTO 


4-bit input 


Can always be read or tested regardless of the 
operation mode. 


Pins also used for INT4, SCK SO/SBO, SI/SBI. 


P0RT1 


Pins also used for INTO-2 and TIO. 


PORT 3 (Note 1) 


4-bit input/output 


Can be placed In input or output mode in 1-bit 
units. 


Pins also used for LCDCL, SYNC and MD0-MD3, 
(Note 2) 


PORT 6 


Pins also used for KR0-KR3. 


PORT 2 


4-bit Input/output 


Can be placed In Input or output mode in 4-bit 
units. Ports 6 and 7 can be paired for data 
input/output in 8-blt units. 


Port 2 pins are also used for PTOO, POL and BUZ. 


PORT? 


Pins also used for KR4-KR7. 


PORT 4 (Note 1) 
PORTS (Note 1) 


4-bit input/output 
(N-channei open 
drain, 10 volts) 


Can be placed in input or output mode in 4-bit 
units. Ports 4 and 5 can be paired for data 
Input/output In 8-blt units. 


Internal pull-up resistor can be specified In 1 -bit 
units by using mask option. 


BP0-BP7 


1 -bit output 


Data Is output in 1 -bit units. The BP0-BP7 pins 
are also used as LCD segment pins S24-S31. 
BP0-BP7 and S24-S31 can be changed by using 
software. 


The capacity of drive is very small. Used for 
CMOS load drive. 



Notes: 

(1) These ports directly drive LEDs. 

(2) PORT 3 lines are also used for MD0-MD3 In /iPD75P308/P316/ 
P316A only 
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Figure 3. I/O Circuits 



Type A 

(for Type E-B) 




Input c 



CMOS standard input buffer 

Ty peB 

(POo, RESET) 

Input o \n 



Schmitt trigger input with 
hysteresis characteristic. 

Type B-C 

(PI0-PI3) 

vdd 

< Pull-Up Resistor 
P-ch --*] — o^ Pull-Up Resistor Enable 



Input o — i — ^I^ >- 



TypeD 

(For Type E-B, F-A) 



VDD 



Output Disable - 



^ 



■ P-ch 



CHI 

J^)o — I p N-ch 



-o Output 



Push-pull output where output can be placed in high 
impedance. P and N channels are turned off. 



Type E-B 

(P2o-P23,P3o-P33) 

Vdd 
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Figure 3. I/O Circuits (cont) 
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Clock Generator 

The clock generator (figure 4) uses the crystal inputs XI 
and X2 as a time base to provide clocks for the 
iuPD7530x/31x. The generator consists of an oscillator, 
frequency dividers, multiplexers, and three control reg- 
isters, PCC, sec, and CLOM. By programming PCC and 
CLOM, frequencies derived from the crystal are supplied 
to the CPU, the interval timer, the timer/event counter, 
the watch timer, the serial interface, and the output pin, 
PCL 

The PCC and SCC registers control the HALT and STOP 
logic and can also be used to set the CPU to operate at 
one of four speeds. The CLOM register controls the 
output clock PCL 



The /[iPD7530x/31x family also contains a subsystem 
clock, consisting of an oscillator driven by an external 
crystal. It operates at 32-35 kHz, and can be used as a 
clock source to the watch timer and the CPU. 

Basic Interval Timer 

The basic interval timer (figure 5) is used to provide 
continuous real-time interrupts. It consists of a multi- 
plexer, an 8-bit free-running counter, and a 4-bit BTM 
control register. Each time the counter reaches FFH it 
causes an interrupt, overflows to OOH and continues to 
count. The BTM register is used to select one of four 
clock inputs to the counter as well as clear the counter 
and its interrupt request. The counter can generate 250 
ms interrupts with a 4.19 MHz crystal and also provides 
oscillator stabilization time when the chip comes out of 
the STOP mode. 



Figure 4. Clock Generator 
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Figure 5. Basic interval Timer 
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Timer/Event Counter (TMO) 

The timer/event counter (figure 6) consists of an 8-bit 
modulo register, 8-bit comparator, 8-bit count register, 
clock multiplexer, mode control register TMO, and a 
TOUT flip flop. There is also some control logic so that 
the timer's TOUT flip flop can be sent to port 2. 

An 8-bit value is loaded into the modulo register, and a 
count register clock is selected by the clock multiplexer, 
via control register TMO. The count register is incre- 
mented each time it receives a CP pulse. When the value 
in the count register is equal to the count in the modulo 
register, the comparator generates a signal which tog- 
gles the TOUT flip flop and causes the count register to 
be reset to OOH. The count register will continue to count 
up unless stopped. Each time TOUT changes state it 
causes an interrupt. This signal can also be used as a 
clock for the serial interface. 



Figure 6. Timer/Event Counter 



Data Bus^ 



TIO/PI3- 

fxx/2l0 
fxx/28 
fxx/26 
fxx/24 



! ) 




^ 


/ 


f 


«/ 


/ 




3. 


/ 






Mode Register 
(TMO) 


^ 


Modulo Register 
(TMODO) 


























TOUT 
F/F 




Control 
Logic 






Comparator 


> 














«. 


- 






rN .1 — • 
























^ Lt>^ 






1 ^CP 










Count Register 
(TO) 








CIc 


>ck 
)lexer 












Serial Interface 




— >. 







4-153 



j[iPD7530x/31x/P308/P316 



NEC 



Watch Timer 

The watch timer (figure 7) generates interrupt requests 
(but no interrupts) at 0.5 second intervals when using a 
4.19 MHz crystal. It is commonly used as a time source 
for keeping track of the time of day, can operate In the 
STOP mode and is capable of generating a 2 kHz buzzer 
output signal. 

The watch timer consists of an input multiplexer, divider, 
output multiplexer, control logic, and control register 
WM. It is also used as a clock source for the LCD 
controller. 

Serial Interface 

The 8-bit serial interface (figure 8) allows the 
ii*PD7530x/31x to communicate with other NEC or NEC- 
like serial interfaces. It consists of an 8-bit shift register 
(SIO), serial-out latch (SO), 8-bit address comparator, 
slave address register (SVA), control registers CSIM and 
SBIC, busy/acknowledge circuitry, bus release/detect 
circuitry, serial clock counter, clock multiplexer, and 
clock control circuitry. The three-wire interface consists 
of the serial data in ( SI/SB 1), serial data out (SO/SBO), 
and serial shift clock (SCK). 



Figure 
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There are three modes of operation, 2-wire serial, 3-wire 
serial, and 2-wire SBI. The simplest modes are the 
2/3-wire serial. In these modes, the 8-blt shift register Is 
loaded with a byte of data and 8 clock pulses are 
generated. These pulses shift data out the SO line and 
data in from the SI line, thus, communicating in full 
duplex. Each time a byte of data is sent, a burst of eight 
clock pulses is generated and eight bits of data will be 
sent. Data may be sent either LSB or MSB first. The 
interface may also be set to receive data only; in this 
case SO is in the high-impedance state. One of four 
internal clocks or an external clock may be used to clock 
the data. 

The SBI mode uses a 2-wire interface (figure 9) with 
devices in a master/slave configuration. At any one time, 
there is a single master, with all other devices being 
slaves. The master can send addresses, commands, and 
data over the bus. The slaves are able to detect in 
hardware if their particular address has been sent, and 
can also detect whether a command or piece of data has 
been sent. There can be as many as 256 slave addresses, 
256 commands, and 256 data types. All commands are 
user-defined, and it is possible to send commands 
which change slaves into masters; when this happens, 
the previous master becomes a slave. This type of work 
is done in firmware, and the bus can be as simple or 
complex as the user wishes. 
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Figure 8. Serial interlace Biocic Diagram 
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Figure 9. SBI Mode Master/Slave Configuration LCD Controller/Driver 

The LCD controller/driver (figure 10) can be pro- 
grammed to operate in any of four modes. It can 
operate in the static mode (drive 32 segments), the 
multiplexed mode (drive 64 segments), the triplexed 
mode (drive 96 segments), or quadruplexed mode 
(drive 128 segments). The multiplexed mode uses 1/2 
bias, the triplexed mode can use either 1/2 or 1/3 bias, 
and the quadruplexed mode uses 1/3 bias. 
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The controller automatically refreshes the LCD by tak- 
ing data from the upper 32 nibbles of RAM memory bank 
1, and uses display data multiplexers, segment drivers 
S0-S31, and common drivers C0MQ-C0M3 to drive the 
LCD. It is controlled by registers LCDM, LCDC, and 
PGMA. The LCD main controller clock (ftco) is provided 
by the watch timer. Because the watch timer operates 
while the chip is in the STOP mode, so does the LCD 
controller. 

The SYNC signal and clock LCDCL are provided so that 
additional LCD controllers can be added. Drive levels 
can be set internally by ordering the resistor ladder 
mask option, otherwise, external resistors can be con- 
nected to pins Vlco-Vlc2 and the BIAS pin. The BIAS pin 
can be used to control the contrast of the LCD. 



Figure 10. LCD Controiier Biocic Diagram 
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Bit Sequential Buffer 

The bit sequential buffer is 16 bits of general-purpose 
RAM located in the upper half of memory bank 15, and is 
the only general-purpose RAM in this area All other 
locations in this bank contain either the on-chip periph- 
eral control registers or are unused addresses. A typical 
application of this buffer might be to store data for the 
next serial output or to store data from a serial input. It 
could also be used to store data which is to be sent from 
a port. This area can be bit, nibble, or byte manipulated. 



addition, INT2 will sense the rising edge inputs and 
generate an interrupt request flag which is testable. 
Inputs KR0-KR7 will detect falling edges, and generate 
the same interrupt request flag as INT2. Neither INT2 
nor KR0-KR7 will cause an interrupt, but they can be 
used to release the STANDBY mode. All interrupts and 
interrupt requests except INTO will release the 
STANDBY mode. 



Interrupts 

The /iPD7530x/31x family interrupts (figure 11) are all 
vectored; there are three external and three internal 
interrupts. Table 5 gives a summary of the interrupts. In 



Figure 1 la tnierrupi Cont roller Block Diagram 
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Standby Modes 

The standby mode is summarized in table 6 and con- 
sists of tliree submodes. 

HALT mode. The HALT mode is entered by executing 
the HALT Instruction. In this mode, the clock to the CPU 
is shut off (thus stopping the CPU), while all other parts 
of the chip, with the exception of INTO, remain fully 
functional. 

STOP mode. The STOP mode is entered by executing 
the STOP instruction. In this mode, the chip's main 
system oscillator is shut off, thereby stopping all por- 



tions of the chip except those which function off the 
subsystem clock. If the subsystem clock is used, it 
always remains on. 



The HALT and STOP modes are released by a RESET or 
by any interrupt request except INTO. 

Data Retention mode. This mode may be entered after 
entering the STOP mode. Here, supply voltage Vdd may 
be lowered to 2 volts to further reduce power consump- 
tion. The contents of the RAM and registers are retained. 
This mode is released fay first raising Vdd to the proper 
operating range, then releasing the STOP mode. 



Tables. 


Interrupt Sources 








Interrupt Source 


operation 


Internal/ 
External 


Interrupt Priority 
(Note) 


>Aectored Interrupt Request Signal 
(Vector Table Address) 


INTBT 




Reference time Interval signal from basic 
Interval timer 


Internal 


1 


VRQ1 
(0002H) 


INT4 




Both rising and falling edge detection 


External 


1 


VRQ1 
(0002H) 


INTO 




Selection of rising or falling edge detection 


External 


2 


VRQ2 
(0004H) 


INT1 




Selection of rising or falling edge detection 


External 


3 


VRQ3 
(0006H) 


INTCSI 




Serial data transfer end signal 


Internal 


4 


VRQ4 
(0008H) 


INTTO 




Coincidence signal between programmable 
timer/counter count register and modulo 
register 


Internal 


5 


VRQ5 
(OOOAH) 


INT2 




Rising edge detection of input to INT2 pin, or 
falling edge detection of any Input to KR0-KR7 


External 


Testable Input signe 
(IRQ2 and IRQW arc 


lis 
J set) 


INTW 




Signal from watch timer 


Internal 





Notes: 

(1) The Interrupt priority order is used to determine the priority when 
two or more interrupts are generated simultaneously. 

Tables. Standby Mode Operation 



Setting Instruction 


STOP instruction 


HALT Instruction 


System clock when standby mode Is set 


Can be set only during main system or 
subsystem clock 


Can be set during either rtialn system or 
subsystem clock 


Clock oscillator 


Only the main system clock oscillator Is 
stopped 


Only CPU clock is stopped (oscillation 
continues) 


Basic Interval timer 


Operation stopped 


Can Operate 


Serial Interface 


Can operate only when external SCK Input Is 
selected for serial clock 


Can operate 


Timer/event counter 


Can operate only when TIO pin Input Is selected 
for count clock 


Can operate 


Watch timer 


Can operate only when fxj Is selected for count 
clock 


Can operate 
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Tabic 6. Standby Mode Operation (cont) 


Setting Instruction 


STOP Instruction HALT Instruction 


LCD controller 


Can operate only when fxj Is selected for Can operate 
LCDCL 


External interrupts 


INT1, INT2, INT4 can operate; INTO cannot 


CPU 


Operation stop 


Release signal 


Interrupt request signal (enabled with interrupt enable flag) from operating hardware or RESET 



Reset 



See table 7 for the state of the chip after a RESET is 
applied. 



Tabie 7. State of the Device after Reset 



Hardware 



RESET input During 
Standby Mode 



RESET Input During 
Operation 



Program counter (PC) 



/iPD75304 



The low-order 4 bits of program memory address OOOOH are loaded 
Into PC11-PC8. The contents of address 0001 H are loaded into 
PC7-PC0. 



/iPD75306 
/iPD75308 
/iPD75P308 



The low-order 5 bits of program memory address OOOOH are loaded 
into PC12-PC8. The contents of address 0001 H are loaded into 
PC7-PC0. 



/iPD75312 
/iPD75316 
/iPD75P318 
/iPD75P316A 



The low-order 6 bits of program memory address OOOOH are loaded 
into PC13-PC8. The contents of address 0001 H are loaded into 
PC7-PC0. 



PSW 



Timer/event counter 



Carry flag (CY) 


Held 


Undefined 


Skip flags (SK0-SK2) 








Interrupt status flag (ISTO) 









Bank enable flag (MBE) 



Bit 7 of program memory address OOOOH is loaded into MBE 



Stack pointer (SP) 




Undefined 


Undefined 


Data memory (RAM) 




Held (Note 1) 


Undefined 


General purpose registers 
(X,A, H.L, D, E, B,C) 




Held 


Undefined 


Bank selection register 
(MBS) 










Basic interval timer 


Counter (BT) 


Undefined 


Undefined 




Mode register (BTM) 









Counter (TO) 



Modulo register (TMODO) 



FFH 



FFH 



Mode register (TMO) 



TOEO, TOUT F/F 



0,0 



0,0 



Watch timer 



Mode register (WM) 



Serial Interface 



Shift register (SIO) 



Held 



Undefined 



Operation mode register (CSIM) 



SBI control register (SBIC) 



Slave address register (SVA) 



Held 



Undefined 
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Table?. State of the Device atter Reset (cont) 


Hardware 




RESET Input During 
Standby Mode 


RESET Input During 
Operation 


Clock generator 

and clock output circuit 


Processor clock control register 
(PCC) 










System clock control register 
(SCC) 










Clock output mode register 
(CLOM) 








LCD controller 


Display mode register (LCDIVI) 










Display control register (LCDC) 








Interrupt function 


Interrupt request flags (IRQxxx) 


Reset too 


Reset to 




Interrupt enable flags (lExxx) 










Interrupt master enable flag 
(IME) 










INTO, INT1, and INT2 and mode 
registers (IM0JM1, and IM2) 


0, 0, 


0,0,0 


Digital ports 


Output buffers 


Off 


Off 




Output latches 


Cleared 


Cleared 




Input/output mode registers 
(PGIV1A, B) 










Pullup resistor specification 
register (POGA) 








Bit sequential buffer 




Held 


Undefined 


Pin conditions 


PO0-PO3, PI0-PI3, 
P20-P23, PSo-PSa, 
P6orP63, P7o-P73 


Input 


Input 




P40-P43, P5(rP53, 


With incorporated pullup resistor, 
impedance 


high level; with open drain, high 




S0-S23 
COM0-COM3 


Undefined 


Undefined 




BIAS 


With incorporated resistor ladder, low level; with no incorporated 
resistor ladder, high impedance 



Notes: 

(1) The data of data memory address 0F8H-0FDH is undefined by 
RESET 



4-160 



NEC 



pPD7530x/31x/P308/P316 



EPROM Write and Verify 

The jLiPD75P308 contains 8064 bytes of EPROM, while 
the/iPD75P316/16A have 16256 bytes. Table 8 shows the 
pin functions during the write and verify cycles. Note 
that it is not necessary to enter an address, since the 
address is updated by pulsing the clock pins. When 6 V 
and 12.5 V are applied to the Vdd and Vpp pins, respec- 
tively, the EPROM is placed in the write/verify mode. The 
operation is selected by the MDO-MDS pins, as shown 
In table 9. 



Table 8. EPROM Write and Verify Pin Functions 



Pin Name 


Function 


X1,X2 


After a write/verify write, the X1, and X2 cloclc 
pins are pulsed. (Note that these pins are also 
pulsed during a read). 


MDO-MDS 


These are the operation mode selection pins. 


P40-P43 

(four low- order bits) • 

P50-P53 

(four high-order bits) 


8-bit data input/output pins for write verify 


Vdd 


Supply voltage. Normally 5 volts; 6 volts is 
applied during write/verify 


Vpp 


Normally 5 volts; 12.5 volts is applied during 
write/verify 



Notes: 

(1) A cover should be placed over the UV erase window. The 
/iPD75P308GF/P316GF/P316AGF do not have windows, thus the 
EPROM contents cannot be erased. 

Table 9. Write/Verify Operation 

Vpp= + 12.5 V; Vdd = +6.0V 



Operation 


IVIode Specification 




UiDO IVID1 


WiDZ 


iVID3 


operation l\/k>de 


1 




1 





Clear program memory address 


1 




1 


1 


Write mode 







1 


1 


Verify mode 


1 X 




1 


1 


Program inhibit 



EPROM WriteA/iBrify Procedure 

EPROMs can be written at high speed using the follow- 
ing procedure: (see figure 12) 

(1) Pull unused pins to Vss through resistors. Set the 
X1 pin low. 

(2) Supply 5 volts to the Vdd and Vpp pins. 

(3) Wait for 10 /is. 

(4) Select the clear program memory address mode. 

(5) Supply 6 volts to the Vdd and 12.5 volts to the Vpp 
pins. 

(6) Select the program inhibit mode. 

(7) VWite data in the 1 ms write mode. 

(8) Select the program inhibit mode. 

(9) Select the verify mode. If the data is correct, 
proceed to step 10. If not, repeat steps 7, 8, and 9. 

(10) Perform one additional write. 

(1 1) Select the program inhibit mode. 

(12) Apply four pulses to the XI pin to increment the 
program memory address by one. 

(1 3) Repeat steps 7-1 2 unti I the end address is reached. 

(14) Select the dear program memory address mode. 

(15) Return the Vdd and Vpp pins back to + 5 volts. 

(16) Turn off the power. 



Notes: 

(1) X = Don't care. 
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Figure 12, EPROM Write/Vbrify Cycle Timing 
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EPROM Read Procedure 

The EPROM contents can be read by using the following 
procedure: (see figure 13) 

(1) Pull unused pins to Vss through resistors. Set the 
X1 pin low. 

(2) Supply 5 volts to the Vdd and Vpp pins. 

(3) Wait for 10 jus. 

(4) Select the clear program memory address mode. 

(5) Supply 6 volts to the Vdd and 12.5 volts to the Vpp 
pins. 



(6) Select the program inhibit mode. 

(7) Select the verify mode. Apply four pulses to the XI 
pin. Every four clock pulses will output the data 
stored in one address. 

(8) Select the program infiibit mode. 

(9) Select the clear program memory address mode. 

(10) Return the Vdd and Vpp pins back to + 5 volts. 

(11) Turn off the power. 
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Figure 13. EPROM Read Cycle Timing 
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Program Memory Erase (mPD75P308K/P316AK 

The /iPD75P308K/P316AK allows the programmed data 
contents to be erased by light rays whose wavelength is 
shorter than about 400 nm. The programmed data 
contents may also be erased if the uncovered window is 
exposed to direct sunlight or a fluorescent light for 
several hours. Thus, to protect the data contents, cover 
the window with an opaque film. NEC attaches quality- 
tested shading film to the UV EPROM products for 
shipping. 



For normal EPROM erase, place the device under an 
ultraviolet light source (254 nm). The minimum amount 
of radiation exposure required to erase the /LiPD75P308K 
completely is 15 Ws/cm2 (ultraviolet ray strength times 
erase time). This corresponds to about 15 to 20 minutes 
when using a UV lamp of 12000 /iW/cm2 Hbwever; the 
erase time may be prolonged if the UV lamp is old or if 
the device window is dirty. The distance between th^ 
light source and the window should be 2.5 cm or less. 
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ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings (Ail devices) 

Ta = 25°C 


Supply voltage, Vpo 


-0.3 to +7.0 V 


Supply voltage, Vpp (75P308/P316 only) 


-0.3 to + 13.5 V 


Input voltage, V|i (other than ports 4, 5) 


-0.3toVDD+ 0.3 V 


input voltage, V|2 (ports 4, 5; internal puiiup 
resistor; 7530x/31x only) 


-0.3toVDD+ 0.3 V 


Input voltage, V|3 (ports 4, 5; open drain) 


-0.3 to +11 V 


Output voltage, Vq 


-0.3toVDD+ 0.3 V 


High-level output current, Iqh 
(Single pin) 


-15 mA 


High-level output current, Ioh 
(Total of ail pins) 


-30 mA 


(Single pin) 


30 mA peak 
15 mA rms (Note 1) 


Low-level output current, Iql 
(Total of ports 0, 2, 3, 5) 


100 mA peak 
60 mA rms (Note 1) 


Low-level output current, Iql 
(Total of ports 4, 6, 7) 


100 mA peak 
60 mA rms (Note 1) 



Storage temperature, tsjG 



-65 to + ISO^'C 



Operating temperature, topT (7530x/31x) 



-40to+85«'C 



Operating temperature, topj (75P308/P316) 



-10to+70°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 



Notes: 

(1) rms value - peak x (duty cycle) 'A 



Capacitance (Aii devices) 

Vdd = V; Ta = 25*^0 








Parameter 


Symboi 


Max 


Unit 


Conditions 


Input capacitance 


C|N 


15 


PF 


f = 1 MHz; 


Output capacitance 


Cout 


15 


PF 


ail unmeasured 
. pins returned 


I/O capacitance 


C|/0 


15 


pF 


to ground 



Main System Cloclc Oscillator Characteristics (Ail devices, see figure 16) 

/iPD7530x/31x: Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V 
/yPD75P308/P316: Ta = -10 to +70^0; Vqd = 5 V ± 5% 



Oscliiator 


Parameter 


Symbol 


wan 


Typ 


IVIax 


Unit 


Conditions 


Ceramic resonator 


Oscillation frequency (Note 1) 


txx 


1.0 




5.0 


MHz 




(Figure 14) 


Oscillation stabilization time (Note 2) 








4 (Note 3) 


ms 


After Vdd reaches oscillator 
operating voltage 



Crystal resonator 
(Figure 14) 



Oscillation frequency (Note 1) 



^XX 



1.0 4.19 



5.0 



MHz 



Oscillation stabilization time (Note 2) 



10 (Note 3) ms Vdd = 4.5 to Vdd max 











30 (Note 3) 


ms 


Vdd= 2.7 to 6.0 V 
(luPD7530x/31x only) 


External clock 


XI input frequency (Note 1) 


fxx 


1.0 


5.0 


MHz 




(Figure 14) 


XI input low- and high-level width 


tXH. <XL 


100 


500 


ns 





Notes: 

(1) The oscillation frequency and XI input frequency are included 
only to show the characteristics of the oscillators. Refer to the AC 
Characteristics table for actual instruction execution times. 

(2) The oscillation stabilization time is the time required for the 
oscillatorto stabilize after voltage is applied orthe STOP mode is 
released. 



Values shown are for the recommended resonators. Values for 
resonators not shown in this data sheet should be obtained from 
the manufacturer's spec sheets. 
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Figure 14, Main System Clock Configurations 



Figure 15. Sulfsystem Ciocic Configurations 



A. Ceramic/Crystal Resonator 



Vdd- 



C2 ip T 



X1 



B. External Clock 



-!>- 



^PD74HCU04 



X1 



Note: When the input is an external clocl<, the stop mode 
cannot be set because the X1 pin is connected 
to System ground (Vss)- 



A. Crystal Resonator 



Vdd- 









XT1 










ci d 


I 












= 






C2 I 


= 




XT2 






330 







B. External Clock 



-£>■ 



Open — XT2 



XT1 



Subsystem Clock Oscillator Characteristics (All devices, see figure 16) 

/iPD7530x/31x: Ta = -40 to + 85°C; Vpo = 2.7 to 6.0 V 
/iPD75P308/P316: Ta = -10 to +70°C; Vdd = 5 V ± 5% 



Oscillator 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Crystal resonator 


Oscillation frequency 


fXT 




32 


32.768 


35 


kHz 




(Figure 14A) 


Oscillation stabilization 
time (Note 1) 








1.0 


2 


s 


Vdd = 4.5 to Vdd ^^ 












10 


s 


Vdd = 2.7 to 6.0 V (PD7530x/31x only) 


External clock 


XT1 input frequency 


*XT 




32 




100 


kHz 




(Figure 148) 


XT1 Input low- and 
high-level width 


*XTH 


*XTL 


10 




15 


//s 





Notes: 

(1) Values shown areforthe recommended. Valuesfor resonators not 
shown In this data sheet should be obtained from the manufac- 
turer's spec sheets. 
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Figure 16, dock AC Timing Points XI andXTI 



X1 Input 



-tXL- 



N J 



-tXH- 



VbD-0.5V 



0.4 V 



XT1 Input 



-tXTL- 



\[ J/ w^ 



-tXTH- 



0.4 V 



Recommended Main System Crystal 
Resonators (ftPP7530x/31x only) 

Frequency G1 C2 

Manufacturer (MHz) Retainer (pF) (pF) Remarks 



Kinseki 



2.00 



HC-18/U 22 



4.19 



HC-49/U 22 



22 Vdd = 2.7 
■^ to 6.0 V 



4.91 



HC.43/U 22 



22 



Recommended Subsystem Crystal Resonators 
(mPD7530x/31x only) 

CI C2 R 
Manufacturer Type (pF) (pF) (kQ) Remarks 



Kinseki 



P-3 



22 



22 



330 Vdd = 2.7 to 6.0 V 



Recommended Main System Ceramic 
Resonators (jiiPD7530x/31xonly) 



Manufacturer Part Number 



C1 
(pF) 



02 
(pF) 



Remarks 



Murata 


OSA 2.00MG093 


15 


15 


Vdd = 2.5 
to 3.5 V 




CSB 1000D20 


220 


220 


Vdd = 2.7 




OSA 2.00MG093 
OSA 4.19MGU 
OSA 4.91 MGU 


30 
30 
30 


30 
30 
30 


" to 6.0 V 




GST 2.00MG093 
CST4.19MGU 
GST 4.91 MGU 


None 
None 
None 


None 
None 
None 


Vdd = 2.7 

to 6.0 V 
(Notel) 


Kyocera 


KBR-1000H 


100 


100 


Vdd = 3-0 




KBR-2.0MS 


68 


68 


" to 6.0 V 




KBR-4.0MS 

KBR-4.19MS 

KBR-4.91MS 


33 
33 
33 


33 
33 
33 




Notes: 

(1) CI and 02 


are contained in the oscillator 
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DC Characteristics (/iPD7530x/31x) 

Ta = -40 to +85°C; Vdd = 2.7 to 6.0 V 



Parameter 



Symbol 



Mln 



Typ 



Max 



Unit Conditions 



High-level input voltage 



V|H1 


0.7VDD 


Vdd 


V 


Ports 2, 3 


V|H2 


0.8Vdd 


Vdd 


V 


Ports 0,1, 6, 7; and RESET 


V|H3 


0.7Vdd 


Vdd 


V 


Ports 4 and 5; built-in pullup resistor 




0.7VDD 


10 


V 


Ports 4 and 5; open drain 


V|H4 


VDcrO.5 


Vdd 


V 


X1,X2,XT1 


V|L1 





0.3Vdd 


V 


Ports 2, 3, 4, 5 


V|L2 


O 


0.2Vdd 


V 


Ports 0,1, 6, 7; RESET 



Low-level input voltage 



V|L3 



0.4 



XX, X2, XT1 



High-level output voltage 



V0H1 



Vdd-1.0 



Ports 0, 2, 3, 6, 7, BIAS; Vqd = 4.5 to 6.0 V; 
IqH = -1 mA 



Vdd-0.5 



Ports 0, 2, 3, 6, 7, BIAS; Vqd = 2.7 to 6.0 V; 
IOH==-1pO//A 



VoH2 



Vdd-2.0 



BPo-7 (With two loL outputs) 
Vdd = 4.5 to 6.0 V; 



Vdd-1.0 



BPa-7 (with two Iql outputs) 
VDb= 2.7 to 6.0 V; 
l0H= -30/iA 



Low-level output voltage 



VOLI 



V0L2 



0.4 



2.0 



Ports 3, 4, 5; Vpo = 4.5 to 6.0 V; 
Iql== 15 mA 



0.4 



Ports 0, 2-7; Vqd = 4.5 to 6.0 V; 
Iql- 1-6 mA 



0.5 



Ports 0, 2-7; Vdd = 2.7 to 6.0 V; 
l0L= 400//A 



0.2Vdd 



SBO, 1;Vdd= 2.7 to 6.0 V; 
pullup resistance ^ 1kO 



1.0 



BPo-7 (with two Iql outputs) 
Vdd= 4.5 to 6.0 V; 
Iql = 100 M 



1.0 



BP()_7 (With two Iql outputs) 
Vdd= 2.7 to 6.0 V; 
loL = 50 //A 



High-level input leakage current lum 



•lIH2 



M 



All except XI , X2, XT1 and ports 4; 5; 
V|n-Vdd 



20 



M 



X1,X2, andXT1;V|N = Vqd 





•liH3 


20 


/iA 


Ports 4 and 5 (with open drain); V,n = 10 V 


Low-level input leakage current 


Ilili 


-3 


fjA 


All except XI , X2, and XT1 ; V|n = V 




'lIL2 


-20 


/iA 


X1,X2, andXTl;V|N= OV 


High-level output leakage current 


•lohi 


3 


/iA 


Other than Ports 4 and 5; Vqut = Vqd 




'L0H2 


20 


M 


Ports 4 and 5 (open drain); Vqut = 10 V 


Low-level output leakage current 


'lol 


-3 


/iA 


VouT=OV 
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DC Characteristics (/iPD7530x/31x) (cont) 



Parameter 



Symbol 



Min 



Typ 



Max 



Unit 



Conditions 



Built-in pu Hup resistor 



Rli 



RL2 



15 


40 


80 


l<Q 


Ports 0-3, 6, 7 (except POq); V|n = V; 
Vdd = 5.0 V ± 10% 


30 




200 


kCl 


Ports 0-3, 6, 7 (except POq); V|n = V; 
Vdd - 3.0 V ± 10% 


15 


40 


70 


l<Q 


Ports 4, 5; Vqut - VdctS V; Vdd = 5.0 V 
±10% 



10 



60 



kO 



Ports 4, 5; Vqut = ^D€r^ V; Vdd = 
± 10% 



3.0 V 



LCD drive voltage 


Vlcd 


2.5 


Vdd 


V 




LCD split resistor 


Rlcd 


60 


100 150 


kO 




LCD output voltage deviation; 
common (Note 1) 


VODC 





±0.2 


V 


lo= ±6/iA; 

Vlcd= Vlcdo= 2.75 V to Vdd; 
Vlcdi = 2/3 Vlcd 
Vlcd2= 1/3 Vlcd 


LCD output voltage deviation; 
segment (Note 1) 


VoDS 





±0.2 


V 


lo = *i M; 

Vlcd=Vlcdo= 2.75 V to Vdd; 
Vlcdi = 2/3 Vlcd 
Vlcd2 = 1/3 Vlcd 



Supply current 
(Note 3) 



'ddi 
(Note 2) 



2.5 



8.0 



mA Vdd = 5 V ± 10% (Note 4) 



0.35 



1.2 



mA Vdd = 3 V ± 10% (Note 5) 



'dD2 


500 


1500 


M 


HALT mode; Vdd = 5 V ± 10% 


(Note 2) 


150 


450 


M 


HALT mode; Vdd = 3 V ± 10% 


'dds 


30 


90 


//A 


Vdd = 3 V ± 10% (Note 6) 


'dD4 


5 


15 


M 


HALT mode; Vdd = 3 V ± 10% (Note 6) 



'dD5 



0.5 



20 



M 



STOP mode; XT1 = V; Vdd = 5 V ± 10% 



0.1 



10 



M 



STOP mode; XT1 = V; Vdd = 3 V ± 10% 



0.1 



//A 



STOP mode; XT1 
10%; Ta = 25**C 



OV;Vdd= 3V± 



Notes: 

(1) Voltage deviation is the difference between the ideal value of 
segment or common output (VLCDn; " = 0, 1 , 2) and the output 
voltage. 

(2) 4.19 MHz crystal oscillator; CI = C2 = 22 pF. 

(3) Does not include pullup resistor current and current through LCD 
resistor ladder. 



(4) When operated in the high-speed mode with the processor clock 
control register (PCC) set to 0011. 

(5) When operated in the low-speed mode with the PCC set to 0000. 

(6) Main system clock stopped and subsystem clock running (SCC 
= 1001). 
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Figure 17, DC Characteristics 



Idd vs Vqq (Crystal Resonator at 4.19 MHz) 
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Figure 17. DC Characteristics (cant) 
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Figure 17, DC Characteristics (cont) 
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Figure 17, DC Characteristics (cont) 
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Figure 17. DC Characteristics (cant) 
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DC Characieristics (con^ 
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Figure 17. DC Characteristics (con^ 
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AC Characteristics (fiPD7530x/31x or 

Ta = -40 to 4-85°C; Vdd = 2.7 to 6.0 V 


ily) 














Parameter 




Symbol 




Min 


Typ 


Max 


Unit 


Conditions 




Cycle time 




tCY 
(Figure 19) 




0.95 




64 


/is 


Mam system clocl<; Vpo = 


4.5 to 6.0 V 


(Note 1) 




3.8 




64 


//s 


Main system clocl<; Vpo = 


2.7 to 6.0 V 






114 


122 


125 


/iS 


Subsystem clock 




TIO input frequency 




fjl 
(Figure 20) 









1 


MHz 


Vdd= 4.5 to 6.0 V 













275 


kHz 


Vdd = 2.7 to 6.0 V 




TIO input low- and iiigh-leve 


width 


*TIH' *TIL 
(Figure 20) 




0.48 






/is 


Vdd = 4.5 to 6.0 V 








1.8 






/iS 


Vdd = 2.7 to 6.0 V 




Interrupt Inputs 




^inthAintl 
(Figure 21) 




(Note 2) 






/is 


INTO 




low- and high-level width 




10 






/is 


INT1,2,4 








10 






/iS 


KR0-KR7 




RESET low level width 




tRSL 
(Figure 22) 




10 






/is 







Notes: 



(1) Cycle time (minimum Instruction execution time) is determined 
by the frequency of the oscillator connected to the microcom- 
puter, system clock control register (SCC), and the processor 
clock control (PCC). See figure 19. 



(2) 2tcY or 128/fx, depending on the setting of the interrupt mode 
register (IMO). 
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Figure 18. A C Timing HMeasurement f^oints 
(except XI andXTl) 



Figure 20. TiO Timing 




Figure 19. Guaranteed Operating Range 
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Serial Transfer Operation (/itPD7530x/31x only) (see figures 18, 23) 

2-line/3-line Serial I/O mode (SCK = Internal clock output) 
Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V 



Parameter 


Symboi 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY1 


1600 






ns 


Vdd= 4.5 to 6.0 V 




3800 






ns 


Vdd = 2.7 to 6.0 V 


SCK low- and high-level width 


tKHl/tKL1 


0.5 tKCY1 -50 






ns 


Vdd = 4.5 to 6.0 V 




0.5 tKCY1 -150 






ns 


Vdd = 2.7 to 6.0 V 


SI vs SCK t setup time 


*SIK1 


150 






ns 




SI vs SCK t hold time 


tKsn 


400 






ns 




SCK i to SO output delay time 


tKS01 






250 


ns 


Vdd = 4.5 to 6.0 V 








1000 


ns 


Vdd'^ 2.7 to 6.0 V 



Serial Transfer Operation (/iPD7530x/31x only) (see figures 18, 23) 

2-line/3-llne Serial I/O mode (SCK = external clock output) 
Ta = -40 to -l-85°C; Vdd = 2.7 to 6.0 V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY2 


800 






ns 


Vdd= 4.5 to 6.0 V 




3200 






ns 


Vdd^ 2.7 to 6.0 V 


SCK low- and high-level width 


*KH2/ ^KL2 


400 






ns 


Vdd= 4.5 to 6.0 V 




1600 






ns 


Vdd= 2.7 to 6.0 V 


SI vs SCK t setup time 


tsiK2 


100 






ns 




SI vs SCK t hold time 


^KSI2 


400 






ns 




SCK i to SO output delay time 


tKS02 






300 


ns 


Vdd= 4.5 to 6.0 V 








1000 


ns 


Vdd = 2.7 to 6.0 V 
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SBI Mode (/iPD7530x/31x only) (see figures 18, 23) 

SCK = internal clock output (master) 
Ta = -40 to + 85°C; Vpo = 2.7 to 6.0 V 



Parameter 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCYS 


1600 




ns 


Vdd== 4.5 to 6.0 V 




3800 




ns 


Vdd = 2.7 to 6.0 V 


SCK low- and high-level width 


tKHs/ tKL3 


0.5tKCY3-50 




ns 


Vdd = 4.5 to 6.0 V 




0.5 tKCY3-"'50 




ns 


Vdd = 2.7 to 6.0 V 


SBO, SB1 vs SCK t setup time 


*SIK3 


150 




ns 




SBO, SB1 vs SCK t hold time 


tKSIS 


0'5tKCY3 




ns 




SCK 1 to SBO, SB1 output delay time 


tKSoa 





250 


ns 


Vdd = 4.5 to 6.0 V 







1000 


ns 


Vdd = 2.7 to 6.0 V 


SCK t to SBO, SBI i 


tKSB 


tK0Y3 




ns 




SBO, SB1 ito SCKi 


tSBK 


tK0Y3 




ns 




SBO, SB1 low-level width 


tSBL 


tKCY3 




ns 




SBO, SBI high-level width 


tSBH 


tKCY3 




ns 




SBI Mode OiPD7530x/31x only) (see figures 

SCK = external clock output (slave) 
Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V 


18,23) 








Parameter 


Symbol 


MIn Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY4 


800 




ns 


Vdd = 4.5 to 6.0 V 




3200 




ns 


Vdd= 2.7 to 6.0 V 


SCK low- and high-level width 


tKH4/tKL4 


400 




ns 


Vdd = 4.5 to 6.0 V 




1600 




ns 


Vdd = 2.7 to 6.0 V 


SBO, SBI vs SCK t setup time 


tSIK4 


100 




ns 




SBO, SBI vs SCK t hold time 


tKSI4 


0-5 tKCY4 




ns 




SCK 4 to SBO, SB1 output delay time 


tKS04 





300 


ns 


Vdd= 4.5 to 6.0 V 







1000 


ns 


Vdd= 2.7 to 6.0 V 


SCK t to SBO, SB1 i 


tKSB 


tKCY4 




ns 




SBO, SBI 4 to SCK 4 


*SBK 


tKCY4 




ns 




SBO, SB1 low-level width 


tSBL 


tKCY4 




ns 




SBO, SB1 high-level width 


tSBH 


tKCY4 




ns 
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Figure 23. Serial Transfer Timing 
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Data Memory STOP Mode Low Vbltage Data Retention Characteristics 

OiPD7530x/31x) (see figure 24) 
Ta^ -Aoto+as'c 



Parameter 




Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Data retention voltage 




Vdddr 


2.0 




6.0 


V 




Data retention current (Note 1) 




'dddr 




0.1 


10 


HA 


Vdddr = 2.0 V 


Release signal set time 




tSREL 









tis 




Oscillation stabilization time (Note 


2) 


*WAnr 




(Notes 3, 4) 




ms 


Release by RESET Input 






(Note 3) 




ms 


Release by Interrupt request 



Notes: 

(1) Excludes current in tiie puliup resistors. 

(2) Oscillation stabilization WAIT time Is the time during which the 
CPU is stopped and the crystal Is stabilizing. This time is 
required to prevent unstable operation while the oscillation Is 
started. The interval timer can be used to delay the CPU from 
executing instructions using the basic interval timer mode 
register (BTM) according to the following table: 

BTM3 BTM2 BTM1 BTMO WAIT time (fxx = 4.19 MHz) 

- 220/f^ (Approx 250 ms) 

- 1 1 2l7/fxx(Approx31.3ms) 

- 1 1 2l5/fxx (Approx 7.82 ms) 

- 1 1 1 2l3/fxx(Approx 1.95 ms) 



(3) Consult the manufacturer's resonator or crystal specification 
sheet for this value. 

(4) The interval timer will cause a delay of 2l^/fxx after a reset. 
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Figure 24, Data Retention Timing 
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Recommended Ceramic Resonators 
OtPD75P308/P316) 

VpD = 4.75 to 5.25 V| T^ = -10 to +7ff'C 



Manufacturer 


Part Number 


CI 
(PF) 




C2 
(pF) 


Remarks 


Murata 


CSA 2.00MG 


30 




30 






CSA4.19MG 
CSA 4.91 MGU 


30 
30 




30 
30 






CST4.19MG 


(Note 


1) 


(Note 1) 





Notes: 

(1) 30 pF capacitors are internally provided. 

DC Characteristics 0(PD75P30^/P316) 

Ta = -10 to +70«C; Vdd = 5 V ± 5% 



Parameter 



Symbol 



Min 



Typ 



Max 



Unit Conditions 



Higli-level input voltage 



V|H1 



0.7 Vdd 



Vdd 



Ports 2, 3 



V|H2 



0.8 Vdd 



Vdd 



PortsO, 1,6, 7;RESET 



V|H3 



0.7 



10 



Ports 4, 5; open drain 





V|H4 


Vdd-0.5 


Vdd 


V 


X1,X2,XT1 


Low-level input voltage 


V|L1 





0.3 Vdd 


V 


Ports 2, 3, 4, 5 




V|L2 





0.2 Vdd 


V 


PortsO, 1,6, 7, RESET 




V|L3 





0.4 


V 


X1,X2,XT1 


High-level output voltage 


VoHl 


Vdd-1.0 




V 


Ports 0, 2, 3, 6, 7, BIAS; Iqh = -1 mA 




VoH2 


Vdd-2.0 




V 


BPo-7;loH = -100 jL/A (Note 1) 



Low-level output voltage 



0.4 



2.0 



Ports 3, 4, 5; Iol= 15 mA 



0.4 



All output pins; Iol= 1-6 mA 



V0L2 



0.2 Vdd 



SBO, SB1 ; open drain 
pullup resistor ^ IkO 





Vols 




1.0 


V 


BPo-7;loL= 100 /iA (Note 1) 


High-level input leakage current 


'lihi 




3 


/iA 


All except XI , X2, and XT1 ; V,n = Vdd 




ILIH2 




20 


/iA 


X1,X2, andXT1;V|N= Vdd 




ILIH3 




20 


/iA 


Ports 4 and 5; V|n = 10 V 


Low-level input leakage current 


•lili 




-3 


/iA 


All except XI , X2, and XT1 ; V|n =* V 




'lIL2 




-20 


/iA 


X1,X2, andXT1;V|N= OV 


High-level output leakage current 


•lohi 




3 


/iA 


All output pins except ports 4, 5; Vqut - Vdd 




IlOH2 




20 


/iA 


Ports 4, 5; Vqut = 10 V 


Low-level output leakage current 


'lol 




-3 


/iA 


VouT=OV 


Internal pullup resistor 


Rli 


15 40 80 


kO 


Ports 0-3, 6, 7 (except POq); V|n = V 


LCD drive voltage 


Vlcd 


2.5 


Vdd 


V 




LCD output voltage deviation; 
common (Note 7) 


VODC 





±0.2 


V 


lo= ±5/iA; 

Vlcd= Vlcdo= 2.75 V to Vdd; 

VlcDI = 2/3VLCD 
VlCD2 = 1/3VLCD 


LCD output voltage deviation; 
segment (Note 7) 


Vods 





±0.2 


V 


lo = ±1 M; 

Vlcd= Vlcdo= 2.75 V to Vdd; 

VlCDI = 2/3Vlcd 
VlcD2 = 1/3VLCD 



4-182 



NEC 



fiPD7530x/31x/P308/P316 



DC Characteristics OiPD75P308/P316) (cont) 



Parameter 



Symbol 



Mln 



Typ 



Max 



Unit 



Conditions 



Supply current 
(Note 2) 



Iddi 


5.0 


15.0 


mA 


(Notes 3, 4) 


bD2 


500 


1500 


fjA 


HALT Mode (Note 3) 


IdD3 


350 


1000 


^l^ 


(Notes 5, 6) 




35 


100 


HA 


HALT mode (Notes 5, 6) 



'dD4 



0.5 



20 



/iA 



STOP mode; XT1 = OV 
(Note 6) 



Notes: 

(1) When any two pins of BP0-BP3 and any two pins of BP4-BP7 are 
used simultaneously for output. 

(2) Does not Include pullup resistor current. 

(3) 4.19 MHz crystal oscillator; 01 = 02 = 15 pF, and subsystem 
clock running. 

(4) Value during high-speed operation and the processor control 
clock (POO) is set to 0011 . 



(5) Value when the system clock control register (SCO) Is setto 1001 , 
generation of the main system clock pulse is stopped, and the 
SCO is operated by the subsystem clock. 

(6) 32 MHz crystal oscillator. 

(7) Voltage deviation is the difference between the ideal value of 
segment or common output (VLconl " = 0, 1, 2) and the output 
voltage. 



AC Ciiaracteristics OiPD75P308/P316) (see figure 18) 

Ta = -10 to +70°0; Vdd = 5 V ± 5% 












Parameter 




Symboi 


iVIin 


Typ 


IVlax 


Unit 


Conditions 


Cycle time 


" Note 1) 


tCY 


0.95 




64 


/is 


Main system clock 


(minimum Instruction execution time - 


(Higure 20) 


114 


122 


125 


A/s 


Subsystem clock 


TIO Input frequency 




(Figure 20) 







1 


MHz 




TIO input low- and high-level width 




*riH. triL 

(Figure 20) 


0.48 






/is 




Interrupt Inputs 




t|NTH/t|NTL < 


[Note 2) 






/iS 


INTO 


low- and high-level width 


(Hgure 21) 


10 






/iS 


INT1,INT2, INT4 
KR0-KR7 


RESET low levelwldth 




tRSL 
(Figure 22) 


10 






/iS 





Notes: 



(1) Cycle time is determined by the frequency of the oscillator 
connected to the microcomputer, system clock control register 
(SCO), and the processor clock control (POO). See figure 25. 



(2) 2tcY or 128/fxx, depending on the setting of the Interrupt mode 
register(IMO). 



4-183 



pPD7530x/31x/P308/P316 



NEC 



Figure 25. Guaranteed Operating Range (/uPD75P3(WPS16) 
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Serial Transfer Operation 0*PD75P308/P316) (see figures 18, 23) 

2-line/3-line serial I/O mode (SCK = internal clock output 
Ta = -10 to +70°C; Vdd = 5 V ± 5% 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY1 


1600 






ns 




SCK low- and high-level width 


tKLl/*KH1 


05tKCY1-50 






ns 




SI set-up time (against SCK t) 


tSIK1 


150 






ns 




SI hold time (against SCK t) 


tKsn 


400 






ns 




SCK i to SO output delay time 


*KS01 






250 


ns 
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Serial Transfer Operation OaPD75P308/P316) (see figures 18, 23) 

2-line/3-rme serial I/O mode (SCK = external clock input 
Ta = -10 to +70°C; Vdd = 5 V ± 5% 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY2 


800 






ns 




SCK low- and high-level width 


*KL2/*KH2 


400 






ns 




SI set-up time (against SCK t) 


tSIK2 


100 






ns 




SI hold time (against SCK t) 


tKSI2 


400 






ns 




SCK i to SO output delay time 


tKS02 






300 


ns 





SB! Mode 0*PD75P308/P316) (see figures 18, 23) 

SCK = internal clock output (master) 
Ta = -10 to -l-70°C; Vdd = 5 V ± 5% 



Parameter 


Symboi 


iVIin 


Typ 


IMax 


Unit 


Conditions 


SCK cycle time 


*KCY3 


1600 






ns 




SCK low- and high-level width 


tKH3/ tKL3 


0.5tKCYr-50 






ns 




SBO, SB1 vs SCK t setup time 


*SIK3 


150 






ns 




SBO, SB1 vs SCK t hold time 


^KSia 


0-5 tKCYS 






ns 




SCK i to SBO, SB1 output delay time 


tKSoa 







250 


ns 




SCK t to SBO, SB1 i 


*KSB 


*KCY3 






ns 




SBO, SB1 4 to SCKI 


tSBK 


tKCY3 






ns 




SBO.SBI low-level width 


tSBL 


tKCY3 






ns 




SBO, SB1 high-level width 


^SBH 


tKCY3 






ns 





SB] Mode (/iPD75P308/P316) (see figures 18, 23) 

SCK = external clock input (slave) 
Ta = -10 to +70°C; Vdd = 5 V ± 5% 



Parameter 


Symbol 


IVIin 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY4 


800 






ns 




SCK low- and high-level width 


^KhV tKL4 


400 






ns 




SBO, SB1 vs SCK T setup time 


tsiK4 


100 






ns 




SBO, SB1 vs SCK t hold time 


tKSI4 


0.5 tKCY4 






ns 




SCK i to SBO, SB1 output delay time 


^KS04 







300 


ns 




SCK t to SBO, SB1 i 


tKSB 


tKCY4 






ns 




SBO, SB1 4 to SCK i 


*SBK 


^KCY4 






ns 




SBO. SB1 low-level width 


tSBL 


tKCY4 






ns 




SBO, SB1 high-level width 


tSBH 


tKCY4 






ns 
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Data Memory STOP Mode Low Voltage Data Retention Characteristics 
OaPD75P308/P316) (see figure 24) 

Ta = -10 to + 70°C 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Data retention voltage 


Vdddr 


2.0 




6.0 


V 




Data retention current (Note 1) 


'dddr 




0.1 


10 


iuA 


Vdddr = 2.0 V 


Release signal set time 


tSREL 









MS 




Oscillation stabilization time (Note 2) 


%AIT 




(Notes 3, 4) 




ms 


Release by RESET Input 






(Note 3) 




ms 


Release by Interrupt request 



Notes: 

(1) Excludes current In the pullup resistors. 



Oscillation stabilization WAIT time Is the time during which the 
CPU Is stopped and the crystal Is stabilizing. This time Is 
required to prevent unstable operation while the oscillation is 
started. The interval timer can be used to delay the CPU from 
executing Instructions using the basic interval timer mode 
register (BTM) according to the following table: 



(3) Consult the manufacturer's resonator or crystal specification for 
this value. 



(4) The interval timer will cause a delay of 2''7/fxx after a reset. 



BTM3 BTM2 BTM1 BTMO 



_ 











- 





1 


1 


- 


1 





1 


- 


1 


1 


1 



WAITtime(fxx= 4.19 MHz) 
220/fxx (Approx 250 ms) 
2'^7/fjQj (Approx 31.3 ms) 
2"^^/fxx (Approx 7.82 ms) 
2l3/fxx (Approx 1.95 ms) 



DC Programming Characteristics (/iPD75P308/P316) 

Ta = 25 ± 5°C; Vdd = 6.0 ± 0.25 V; Vpp = 12.5 ± 0.3 V; Vss = V 



Parameter 


Symbol 


l\Ain 


Typ 


IVIax 


Unit 


Conditions 


High-level Input voltage 


V|H1 


O.TVdd 




Vdd 


V 


All except XI, X2 




V|H2 


Vdd-0.5 




Vdd 


V 


XI, X2 


Low-level Input voltage 


V|L1 







0.3Vdd 


V 


All except XI , X2 




V|L2 







0.4 


V 


XI, X2 


Input leakage current 


Ili 






10 


A/A 


ViN= V|LprV,H 


High-level output voltage 


VoH 


Vdd-1.0 






V 


loH = -1 mA 


Low-level output voltage 


Vol 






0.4 


V 


l0L= 1.6 mA 


Vqd supply current 


'dd 






30 


mA 




Vpp supply current 


Ipp 






30 


mA 


MDO = V|l; MD1 = V|H 



Notes: 

(1) Vpp must not exceed +13.5 V, including overshoot. 



(2) Vdd must be applied before Vpp and Vdd should be removed 
after Vpp Is removed. 
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AC Programming Characteristics OaPD75P308/P316) (see figures 

Ta = 25 ± 5°C; Vqd = 6.0 ± 0.25 V; Vpp = 12.5 ± 0.3 V; Vss = V 


26, 27) 






Parameter 


Symbol 


(Note 1) 


Min 


Max 


Unit 


Conditions 


Address setup time to MDO 1 (Note 2) 


tAS 


tAS 


2 




//s 




MD1 to MDO i setup 


tM1S 


tOES 


2 




/iS 




Data to MDO 1 setup 


tps 


tQS 


2 




/iS 




Address hold from MDO t (Note 2) 


tAH 


tAH 


2 




//8 




Data hold from MDO t 


tQH 


tQH 


2 




/iS 




Data output float delay from MDO t 


tDF 


tDF 





130 


ns 




Vpp setup to MD3 t 


Vps 


tVPS 


2 




/iS 




Vdd setup to MD3 t 


Vds 


tvcs 


2 




/iS 




Initialized program pulse width 


tpw 


tpw 


0.95 


1.05 . 


ms 




Additional program pulse width 


toPW 


topw 


0.95 


21 


ms 




MDO setup to MD1 t 


*MOS 


tCES 


2 




//s 




Data output delay from MDO i 


tcv 


tDV 




1 


fIS 


MDO = MD1 = V|L 


MD1 hold to MDO T 


^MIH 


tOEH 


2 




/is 


tMiH + tM1R^ 50A/8 


MD1 recovery from MDO i 


^M1R 


tOR 


2 




/iS 


tM1H + tMiR^ 50 //s 


Program counter reset 


*PCR 


- 


10 




/iS 




X1 input low- and high-level width 


^H.tXL 


- 


0.125 




/iS 




X1 input frequency 


fx 


- 




4.19 


MHz 




Initial mode set 


t| 


- 


2 




Ais 




MD3 setup to MD1 t 


^M35 


- 


2 




/iS 




MD3 hold to MD1 i 


^MSH 


- 


2 




fJS 





MD3 setup to MDO i 


tM3SR 


- 


2 




/iS 


Address to data output delay time (Note 2) 


tpAD 


t^CC 


2 




/iS 


Address to data output hold time (Note 2) 


tHAD 


tOH 





130 


ns 


MD3 output hold from MDO t 


tM3HR 


- 


2 




f/S 



During Program Read cycle 



Data output float delay from MD3 i 



tpFR 



//s 



Notes: 

(1) These symbols correspond to those on the /iPD27C256 EPROM. 



(2) The internal address signal is incremented by one at the rising 
edge of the fourth XI pulse; it is not connected to an external pin. 
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Figure 26, EPRQU Program Memory Write Timing 



Vpp / 

Vnn— J 



^DD 



Vnn + 1 



^DD 



J 



X1 



P40-P43 
P50-P53 



■/ 



^PCR- 



MD2 



MD3 



/ 



"7r 



1 



VWl 



^^ Data Input [ i^^t ^ ii j^ Data Input [ 



^DF 



'Da 



-^AH- 



^\j^~ij^^'\J 



I 



^MDS ry 

1 r 



topvv" 



^M3S 



"/ Data Input V^^" 



-^AS-* 



\^r 



V 



\ 
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Figure 27. EPROM Program Memory Read Timing 



Vpp 



Vpp 



vdd 
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vdd 



y 
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*-tVPS 



MDO 



J 



MD1— - 
tpCR- 



MD2 



J 



■69- 



^XH 



^XL 



f\pj\j'\pj\i\r\i\j\f\ 



^DAD 
^HAD 



C 



Data Output 



Data Output 



X 



-Jf- 



^DV 



-^<r 



^M3HR-* 



> 



1 



J 



■69- 



^M3SR 



f 



^^ 
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PPD75328/75P328 

4-Bit Microcomputers 

Witli LCD Controller/Driver 

and A/D Converter 



Description 

The /iPD75328 and /iPD75P328 are high performance 
single-chip CMOS microcomputers. They each contain 
a CPU, ROM, RAM, interval timer, timer/event counter, 
watch timer, LCD controller, A/D converter, subsystem 
clock, serial Interface, I/O ports, and vectored inter- 
rupts. The instruction set allows the user to manipulate 
RAM data arid I/O ports in one-, four-, and eight-bit 
units. The devices are suitable for controlling video 
cassette recorders (VCRs), telephones, and meters. 

The /iPD75P328 is a one-time programmable (OTP) 
version of the /iPD75328. 

Features 

D 103 Instructions 

— Bit manipulation instructions 

— Four-bit and eight-bit transfer instructions 

— One-byte relative branch instructions 

— GETI instruction converting 1 two-byte or three- 
byte instruction or 2 one-byte Instructions Into 1 
one-byte instruction 

D Instruction execution cycles 

— High-speed cycle: 0.95A/s/4.t9 MH2 

— Low-voltage cycle: 1.91 /is/4.19 MHz, 
15.3 jLiS/4.19 MHz, 

D Program memory Ol/PD75328/75P328): 8064 bytes 

n Data memory (RAM) 
—Allows operation on one, four, and eight bits 

— 512 X four-bit data 

D Bit-sequential buffer 

— 16-blt, bit manipulation memory 

° Eight four-bit registers 

D Accumulators 

— One-bit accumulator (CY) 

— Four-bit accumulator (A) 

— Eight-bit accumulator (XA) 

° 24 I/O lines 
—Twelve output ports that can directly drive LEDs 
(sink 15 mA rms) 

— Eight N-channel, open-drain outputs with 10 V 
maximum 

D 12 Input only lines 

D One external event input 



a Timers 

— One eight-bit basic interval timer 

— One eight-bit timer/event counters 

— One fourteen-bit watch timer 

° A/D converter 

— Six-channel 

— Eight-bit 

° LCD controller/driver 

— Four common lines 
—Twenty segment lines 

— Operational modes 

Static 

Multiplexed 1/2 bias 
Triplexed 1/2 or 1/3 bias 
Quadriplexed 1/3 bias 

n Eight-bit serial interface 
—Serial bus in (SBI) mode 
—Two or three wire mode 

Data transfer (MSB or LSB first) 

Full duplex mode 

Receive only mode 

D Vectored interrupts 
—Three external interrupts 
—Three internal Interrupts 

— Nine inputs generating one interrupt request 

D Standby modes 

— Halt mode: stops CPU only 

— Stop mode: stops main system clock 

a Mask options (Not available on the //PD75P328) 

— Pull-up resistors for ports 4 and 5 

— LCD resistor ladder 

— Subsystem clock feed back resistor 

° Operates with oscillator or ceramic resonator 

° CMOS technology (at 5 V and 4.19 MHz) 

— Normal operation: 2.5 mA (typical) 

— Halt mode: 0.5 mA (typical) 

— Stop mode: 0.1 /l/A (typical) 

° One-time programmable (OTP) version 
0L/PD75P328) available 



Ordering Information 






Part Number 


Package 


ROM 


JL/PD75328GC-XXX-3B9 


80-pin plastic QFP 


Mask 


/iPD75P328GC-3B9 


80-pin plastic QFP 


OTP 



Notes: 

(1) XXX indicates ROM code suffix. 
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Pin Configuration 
80'Pin Plastic CFP 





t^tfjW'^rcoeviT-o * 

nnnnnnnnnnnnnnnnnnnn 










8^SP:f5!e;tf2^?::^§g[SSSS8S5 






S31 /BP7 c 


10 


60 


DAN2 




Sao/BPeC 


2 


59 DAN1 




S29/BP5C 


3 


58 


lANo 




S28/BP4CI 


4 


57 IP83 




S27/BP3C 


5 


56 


D P82 




S26/BP2C 


6 


55 


1P81 




S25/BP1 C 


7 


54 


DP80 




S24/BP0C 


8 


53 


IP33/MD3* 




S23C 


9 


52 1P32/MD2* 




S22C 


10 


51 DP31/SYNC/MD1' 




S21C 


11 


50 DP30/LCDCL/MD0* 




S20C 


12 


49 DP23/BUZ 




S19C 


13 


48 1P22/PCL 




S18C 


14 


47 1P21 




S17C 


15 


46 DP20/PTO0 




S16C 


16 


45 DPT3A-I0 




S15C 


17 


44 1P12/INT2 




S14C 


18 


43 IPI1/INTI 




S13C 


19 


42 


D PI /INTO 




S12C 


20 


41 


DPO3/SI/SBI 






UUUUUUUUUUUUUUUUUUUU 






• MD 0-MD3 and Vpp are for programming the |j.PD75P328. 
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Pin Identification 


Symbol 


Function 


POo/lNT4 


Port input; Interrupt 4. 


PO1/SCK 


Port Input; serial clock (SCK) 


PO2/SO/SBO 


Port input; serial data out 


PO3/SI/SBI 


Port input; serial data in 


PI0-P2/INTO-INT2 


Port 1 inputs; interrupts INT0-INT2 


PI3/TIO 


Port 1 Input; timer input TIO 



P2o/PTOO 



P2i 



P22/PCL 



Four-bit I/O port 2 (P2o-P23)/tlmer/event 
counter output (PTO0)/port clock output 
(PCL)/buzzer output (BUZ) 



P23/BUZ 



P3o/LCDCL/ 
(MDo) 



P3i/SYNC/(MDi) 
P32-P33/(MD2-MD3) 



Four-bit I/O port 3 (P3o-P33)/LCD clock 
output (LCDCL)/sync output (SYNC)/OTP 
operation mode (MD0-MD3 for jttPD75P328) 



P40-P43 


Four-bit I/O port 4 


P50-P53 


Four-bit I/O port 5 


P60-P63/ 
KR0-KR3 


Four-bit I/O port 6 (P60-P63)/ 
key scan inputs 0-3 (KR0-KR3) 


P70-P73/ 
KR4-KR7 


Four-bit I/O port 7 {PTq-PTq)/ 
key scan inputs 4-7 (KR4-KR7) 


P80-P83 


Four-bit I/O port 8 


S12-S23 


LCD segment outputs 12-23 


COM0-COM3 


LCD common outputs 0-3 


BP0-BP7/ 
S24-S31 


Eight one-bit output ports (BP0-BP7)/ 
LCD segments 24-31 (S24-S31) 


VlC0"VlC2 


LCD voltage drive level 


BIAS 


LCD power bias output 


AN0-AN5 


A/D converter inputs (AN0-AN5) 


AVref 


A/D converter reference voltage 


AVss 


A/D converter ground 


NC(Vpp) 


No connection (Vpp for jaPD75P328) 


X2,X1 


Main clock inputs 


XT2, XT1 


Subsystem clock inputs 


RESET 


Reset input 


Vdd 


Positive power supply 


Vss 


Ground 



PIN FUNCTIONS 



PO3/SI/SBI, PO2/SO/SBO, PO1/SCK, PO0/INT4 
(Port 0, INT4, Serial Interface) 

Port can be used as a four-bit input port. POq can be 
used for INT4 wiiich is an edge-triggered vectored inter- 
rupt triggered by a rising or falling edge. PO1-PO3 are 



also used for the serial interface in the SBI or 2/3 wire 
mode. The serial input (SI) and serial bus one (SBI), 
serial outpu t (SO ) and serial bus zero (SBO), and the 
serial clock (SCK) make-up the serial interface. Port is 
in the input mode at reset. 

PI3/TIO, PI2/INT2, PI1/INTI, PI0/INTO 

(Port 1, Edge-Triggered Interrupts, Timer Input) 

Port 1 can be used as a four-bit input port. INTO and INT1 
are edge-triggered vectored interrupts. INT2 is an edge- 
triggered input which generates an input request, but 
does not cause an interrupt. TIO is an Input clock to the 
timer/event counter and is used to count external events. 
Port 1 is in the input mode at reset. 

P23/BUZ, P22/PCL, P2i, P2o/PTOo 

(Port 2, Clock, Buzzer, and Timer/Event Counter 

Outputs) 

Port 2 can be used as a four-bit I/O port. When used as 
an output port, the output data is latched. When used as 
an input port, the outputs are high-impedance. P2o is 
used to output the timer/event counter flip/flop signal 
TOUT. P22 is used to output the POL clock from the clock 
generator and P23 is used to output square waves for a 
buzzer. Port 2 is in the input mode at reset. 

P33/MD3, P32/MD2, P3i/SYNC/MDi, 
PSq/LCDCL/MDo (Port 3, LCD Outputs, 
OTP Operation Mode for |[iPD75P328) 

Port 3 is a programmable four-bit I/O port. Each bit can 
be independently programmed to be either an input or an 
output. The port has latched outputs and can directly 
drive LEDs. P3o and P3i can be used to output the LCD 
clock and LCD sync signal, respectively. MDq through 
MD3 are used for the /xPD75P328 OTP program memory 
write and verify mode to select the operation mode. Port 
3 is in the input mode at reset. 

P40-P43 (Port 4) 

Port 4 is a four-bit I/O port. Ports 4 and 5 can be paired 
together to function as one 8-bit port. Port 4 has latched 
outputs and can directly drive LEDs. The outputs are 
N-channel, open drain, 10 V max. An internal pull-up 
resistor is available as a mask option. Port 4 is in the 
Input mode at reset. 
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P50-P53 (Port 5) 

Port 5 is a four-bit I/O port.Ports 4 and 5 can be paired 
together to function as one 8-bit port. Port 5 lias latched 
outputs and can directly drive LEDs. The outputs are 
N-channel, open drain, 10 V max. An internal pull-up 
resistor is available as a mask option. Port 5 is in the 
input mode at reset. 

P63/KR3-P60/KR0 

(Port 6, Edge Detection of KR0-KR3) 

Port 6 is a programmable four-bit I/O port. Port 6 has 
latched outputs and each bit can be independently 
programmed to be either an input or an output. Ports 6 
and 7 can be paired together to function as one 8 -bit 
port. Port 6 can be used to detect the falling edge of 
inputs KRq- KR3. Port 6 is in the input mode at reset. 

P73/KR7-P70/KR4 

(Port 7, Edge Detection of KR4-KR7) 

Port 7 is a four-bit I/O port. The port has latched outputs. 
Ports 6 and 7 cgn be paired together to function as one 
8-bit port. Port 7 can be used to detect the falling edge 
of inputs KR4 through KR7. Port 7 is In the input mode at 
reset. 

P80-P83 (Port 8) 

Port 8 Is a four-bit I/O port with latched outputs. Port 8 Is 
in the input mode at reset. 

S12-S23 (LCD Segment Outputs) 

S12 through $23 are the LCD segment output signals 
which directly drive the LCD segment inputs. 

COM0-COM3 (LCD Common Outputs) 

COMo through COM3 are the LCD common output sig- 
nals, which directly drive the common LCD inputs. 

BP0/S24-BP7/S31 

(One-Bit Output Ports, Segment Outputs) 

BPq through BP7 can be used as 8 one-bit ports or as 
additional LCD segment outputs. As LCD segment put- 
puts, they are selectable in four-bit units: BP0-BP3/S24 

-$27 or BP4-BP7/S28-S31. 

Vlco-Vlc2 (LCD Voltage Levels) 

Vlco through Vlc2 are used to set the LCD drive levels. 
These pins are outputs when the internal resistor ladder 
mask option is selected. When an external resistor 
ladder is used, the pins are inputs and must be con- 
nected to set the LCD drive levels. 



BIAS (Bias Output) 

BIAS output is used with Vlco through Vlc2 to set the 
static, 1/2 bias, or 1/3 bias levels. 

AN0-AN5 (A/D Converter Inputs) 

ANq through AN5 are inputs to the six-channel eight-bit 
A/D converter. 

AVref (A/D Converter Reference Vbltage) 

AVref is used to supply a reference voltage to the A/D 
converter. 

AVss (Analog Ground) 

AVss is the analog ground pin for the A/D converter 

NC/Vpp (No Connection, Programming Pin) 

This pin is connected when using the j[iPD75P328 and 
may be left unconnected when using the iLtPD75328. 
When programming a device, the programming voltage 
Vpp is used during the EPROM write/verify cycles. When 
a device is not being programmed, this pin should be 
connected to Vdd- 

X2, X1 (Main System Clock Inputs) 

XI and X2 are the main system clock inputs. The clock is 
controlled by a crystal or a ceramic oscillator An 
external logic signal can be used as a clock source. See 
figure 1. 

XT2, XT1 (Subsystem Cloclc Inputs) 

XT1 and XT2 are the subsystem clock source inputs. 
These pins use a crystal, ceramic oscillator, or a logic 
signal as an Input. See figure 2. 



RESET (Reset) 

System reset input pin (active low). 

Vdd (Power Supply) 

Positive power supply. 

Vss (Ground) 

System ground. 
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Block Diagram 



AN0-AN5 \z^ 

AVref *^ 
AVss «>- 



TIO/PI3 
PTO0/P20 



BUZ/P23 



SI/SBI/PO3 

SO/SBO/PO2 

SCK/PO1 



INTO/PI0 ' 
INTI/PI1 < 
INT2/PI2 ' 
INT4/P00 < 
KR0/P60 ^ 
-KR7/P73 
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Converter 



Basic 
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O 
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Counter 



O 



INTTO 



Watch 
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Clocked 

Serial 
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Control 
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Bit 
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^H Port1 ^JII]P10-P13 
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CPU Clock 
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Driver 
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Figure 1, Main System Cloclc Configurations 



Crystal or Ceramic Oscillator 
CI 



C2 



X 



vdd 



External Clock 



H>- 



T 



X1 



' When the Input is an external clock, the stop mode cannot be 
set because the X1 pin is connected to system ground (Vss)- 



Figure 2. Sutfsystem dock: Configurations 



Crystal Oscillator 
C3 


11 


XT1 
XT2 


II 

cm 

C4 T 330 kn 

II AAA 


II 'WV 



External Clock 



^ 



/[iPD75328 AND fiPD75P328 DIFFERENCES 

The ^PD75P328 contain a one-time programmable (OTP) 
program memory and the /aPD75328 contains a mask 
ROM program memory. The jaPD75328 and iaPD75P328 
differ only In their program memory and mask options, 
but otherwise are Identical In their CPU functions and 
Internal hardware. Their differences are shown In table 1. 

Tabie I. Differences between fiPD75328 and 
MPD75P328 



Item 


1*PD75P328 


/*PD75328 


Program memory 


One-time EPROM 


Mask ROM 




8064 X 8 bits 


8064x8 bits 




OOOOH - 1F7FH 


OOOOH -1F7FH 


Ports 4 and 5 pull- 
up resistor 


Not offered 


Mask option 


LCD resistor ladder 


Not offered 


Mask option 


Subsystem clock 
oscillating feed 
back resistor 


On-chip 


Mask option 


Programming pin 
connections 


Vpp pin and one-time 
EPROIV! program pins 


None 


Operating supply 
voltage range 


5 V ±5% 


2.7 to 6.0 V 


Package 


80-pin plastic QFP 
with bent leads 


80-pin plastic QFP 
with bent leads 



MPD75328 AND fiPD75308 COMPARISON 

The i[iPD75328 provides 7 CMOS I/O ports; the mPD75308 
has 6. The fjiPD7520S does not contain an A/D converter. 
However, the i[APD75308 does have an LCD controller 
with 32 segment outputs versus 20 for the iLiPD75328. 
Table 2 compares the features of the two devices. 
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Table Z 


/IPD75328 andfiPD75308 Features 
Comparison 


Item 


1»PD75328 


l*PD75308 


ROM 


8064 bytes 


Same as jnPD75328 


RAM 


512 X 4 bits 


Same as jaPD75328 


General 
purpose 
register 


4 bits X 8 or 8 bits x 4 


Same as |aPD75328 


Instruction 
cycle 


Selectable from .95 
jas/1.91 JUS/15.3 las 
(4.19 MHz) and 122 las 
(32 kHz) 


Same as jttPD75328 


Input/ 
output 
port 


28 I/O lines 
8 input only 
8 output only 


24 I/O lines 

8 input 

8 output only 


CMOS 

input 

port 


8 lines shared with 
INT/SIO. Can be 
pulled by software, 
except for POq 


Same as |aPD75328 



CMOS 


20 lines (4 lines can 


16 lines (4 lines can 


I/O port 


directly drive LED). 


directly drive LED). 




Can be pulled by 


Can be pulled by 




software, except for 


software, except for 




POo 


POo 



CMOS 
output 
port 



N- 

channel 
I/O port 



Timer 
counters 



4/8 lines (shared 
segment output and 
selected by software) 



8 lines can be pulled 
up by mask option, 
directly drive LED, 
have continuous 10 V 
applied 



Timer/event counter, 
basic interval timer, 
clock timer 



2 test inputs 
(1 external and 
1 internal) 



Parallel edge 
detection for key scan 
input 



Same as ittPD75328 



Same as iaPD75328 



Same as juPD75328 



Serial 
interface 


NEC-SBI serial bus 
interface 


Same as |uPD75328 




Normal clock 
synchronized serial 
interface 


Same as |uPD75328 


A/D 
converter 


6-channel analog 
input, 8-bit precision 


Not offered 


Interrupt 


6 vector interrupts 
(3 external and 
3 internal) 


Same as jaPD75328 



Same as jaPD75328 



Same as jaPD75328 



Item 



Instruction 
set 



Operating 
voltage 



Package 



|ttPD75328 



juPD75308 



Bit: data set/reset/test/ 
boolean operation 



Same as jaPD75328 



4-bit: data transfer/ 
arithmetic/increment/ 
decrement/ 
comparison 



Same as |xPD75328 



8-bit: data transfer 



Same as juPD75328 



LCD 


20 segment outputs 


32 segment outputs 


controller/ 
driver 


4 common outputs 


Same as jaPD75328 




Display mode: 

Static 

Multiplexed 

Triplexed 

Quadriplexed 


Same as jaPD75328 




Resistor ladder 
network for 
LCD drive voltage 
supply (mask option) 


Same as jaPD75328 



2.7 to 6.0 V 



Same as |aPD75328 



80-pin plastic QFP 
(.65 pitch) 



80 -pin plastic QFP 
(.8 pitch) 
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ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings, ^PD75328/P328 

Ta = 25°C 

Supply voltage, Vqq -0.3 to +7.0 V 



Input voltage, V|i (except ports 4 and 5) 



-0.3toVDD+0.3V 



Input voltage, V|2 (|ttPD75328 only) 

(ports 4 and 5 with internal pull-up resistor) 



-0.3toVDD+0.3V 



Input voltage, V|2 (ports 4 and 5 open drain) 



-0.3 to +11 V 



Output voltage, Vq 



-0.3toVDD+0.3V 



High-level output current, Iqh (single pin) 



-15 mA 



High-level output current, Iqh (sH pins) 



-30 mA 



Low-level output current, Iql 
(single pin, peak value) 



30 mA 



Low-level output current, Iql 
(single pin) (Note 1) 



15 mA rms 



Low-level output current, Iql 
(ports 0, 2, 3, 5, and 8) 



100 mA peak 



Low-level output current, Iql 
(ports 0, 2, 3, 5, and 8) (Note 1) 



60 mA rms 



Low-level output current, Iql 
(ports 4, 6, and 7) 



100 mA peak 



Low-level output current, Iql 
(ports 4, 6, and 7) (Note 1) 



60 mA rms 



Operating temperature, Tqpt 
(jaPD75328 only) 


-40 to +85°C 


Operating temperature, Tqpt 
(jiiPD75P328 only) 


-10 to +70°C 


Storage temperature, Tstg 


-65 to +150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

Notes: 

(1) Root mean square (rms) = peak value x (duty factor)l/2. 

Capacitance, fiPD75328/P328 

Ta = +25'*C; Vdd = V 



Parameter 


Symbol Max 


Unit 


Conditions 


Input capacitance 


C|N 15 


PF 


f = 1 MHz; 


Output capacitance 


CouT 15 


PF 


unmeasured pins 
. must be at V 


Input/Output capacitance 


C|o 15 


pF 





CLOCK OSCrLLATOR SPECIFICATIONS 

Main System Clock Oscillator, j[iPD75328/P328 

Ta = -40 to +85°C; Vqd = 2.7 to 6.0 V (|iPD75328); Ta = -10 to +70°C; Vqd 



5 V ±5% (iaPD75P328) 



Type 


Parameter 


Symbol 


Min 


Typ 


IVIax 


Unit 


Conditions 


Ceramic resonator 


Frequency (Note 1) 


fxx 


1.0 




5.0 


MHz 




(Figure 3) 


Stabilization time (Note 2) 








4.0 
(Note 3) 


ms 


After Vqd reaches the minimum value 
of the oscillator operating voltage range. 



Crystal resonator 
(Figure 3) 



Frequency (Note 1) 



^xx 



1.0 4.19 



5.0 



MHz 



Stabilization time (Note 2) 



10 
(Note 3) 



ms Vdd = 4.5 to Vdd nnax 











30 
(Note 3) 


ms iuPD75328 only 


External clock 


X1 input frequency (Note 1) 


^xx 


1.0 


5.0 


MHz 


(Figure 3) 


XI input high/low level width 


*XH»*XL 


100 


500 


ns 



Notes: 

(1) Oscillator and XI input frequencies are shown only to present the 
oscillator characteristics. 

Refer to the AC characteristics for instruction execution time. 

(2) Time required for oscillator to stabilize after Vdd i^riin is reached 

or time after release of STOP mode. 



(3) Values shown pertain to the recommended oscillators. For oscil- 
lators not listed under recommended oscillators and circuit 
constants, consult the vendor's specification. 
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Subsystem Clock Oscillator, ^PD75328/P328 

Ta = -40 to +85°C; Vdd = 2.7 to 6.0 V OiPD75328); T^ = -10 to +70°C; Vqd = 


5 V ±5% (juPD75P328) 






Type 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Crystal resonator 


Frequency 


fxT 


32 


32.768 


35 


kHz 




(Figure 4) 


Stabilization Time 






1.0 


2.0 


s 


Vdd = 4.5 toVDD max 










10 


s 


jnPD75328 only 


External clock 


XT1 input frequency 


tXT 


32 




100 


kHz 




(Figure 4) 


XT1 input high/low level width 


tXTH. txHL 


5.0 




15 


]ttS 





Figure 3. Recommended Main System Clock 
Circuit Configurations 



Ceramic Oscillator 



C1 



T 



C2 T 

HI — L 



Vdd 



Crystal Oscillator 



C1 

Hh 



T 
X 



Vdd 



External Clock 



HPD74HCU04 



T 



Figure 4. Recommended Subsystem Cloclc Cir- 
cuit Configurations 



Crystal Oscillator 



T 



-I 



C4 T 330 kft 



External Clock 



-[>- 



Open — 



XT2 
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Recommended Ceramic Oscillators and Circuit Constants for Main System Clock, i[iPD75328/P328 

Ta = -40 to +85°C (Note 1) 



Manufacturer 



Part Number 
(Note 2) 



Frequency 
(MHz) 



01 (pF) 



02 (pF) 



Vdd Min (V) 



Vdd Max (V) 



Murata Manufacturing 
Company LTD. (Note 1) 



CSAx.xxMG093 
CSTx.xxMG093 



2.00 - 2.44 



30 



30 



2.7 



6.0 



None 



None 



2.7 



6.0 



CSAx.xxMGU 
CSTx.xxMGU 



2.45 - 5.00 



30 



30 



2.7 



6.0 



None 



None 



2.7 



6.0 



CSAx.xxMG 



2.00 - 5.00 



30 



30 



3.0 



6.0 





CSTx.xxMG 




None 


None 


3.0 


6.0 


Kyoto Ceramic 


KBR-2.0MS 


2.00 


47 


47 


2.7 


6.0 


Company LTD. (Note 1) 


KBR-4.0MS 


4.00 


33 


33 


2.7 


6.0 




KBR-5.0M 


5.00 


33 


33 


3.0 


6.0 



Notes: 

(1) Although the oscillators have a wider operating voltage and 
temperature range than the jttPD75P328, the jttPD75P328 is still 
limited in its operating voltage and temperature range to 5 V ± 
5%, Ta = -10 to +70°C. 

(2) X.XX indicates frequency 

Recommended Crystal Oscillators and Circuit Constants for Main System Clock, /iPD75328/P328 

Ta = -20 to +70''C (Note 1) 



Manufacturer 


Part Number 


Frequency (MHz) 


01 (pF) 
(Note 2) 


02 (pF) 


Mln(V) 


Max(V) 


Kinseko (Note 1) 


HC-18U 


2.0 


22 


22 


2.7 


6.0 




HC-49U 


4.19 


22 


22 


2.7 


6.0 




HC-43U 


4.91 


22 


22 


2.7 


6.0 



Notes: 

(1) Although the oscillators have a v\^ider operating voltage and 
temperature range than the jttPD75P328, the jttPD75P328 is still 
limited in its operating voltage and temperature range to 5 V 
±5%, Ta = -10 to +70*'C. 

(2) Oscillator frequency adjustment range: CI == 15 to 33 pF. 

Recommended Crystal Oscillator and Circuit Constants for Subsystem Clock, ^PD75328/P328 

Ta = -10 to +60"C(Note1) 



Manufacturer 


Part Number 


Frequency (kHz) 


C3(pF) 


04 (pF) 


Vdd Min (V) 


Vdd Max (V) 


Kinseki (Note 1) 


P3 


32.768 


22 (Note 2) 


22 


2.7 


6.0 



Notes: 

(1) Although the oscillators have a wider operating voltage and 
temperature range than the jttPD75P328, the jiiPD75P328 is still 
limited in its operating voltage and temperature range to 5 V ± 
5%, Ta = -10 to +70''C. 

(2) Oscillator frequency adjustment range: C3 = 3 to 30 pF. 
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ELECTRICAL CHARACTERISTICS 

DC Characteristics, fiPD75328 

Ta = -40 to +85°C; Vdd = 2.7 to 6.0 V 



Parameter 



Symbol Min Typ 



Max 



Unit Conditions 



High-level input voltage 



V|H1 



0.7 Vdd 



Vdd 



Ports 2, 3, and 8. 



0.8 Vd 



Ports 0, 1, 6, 7, and RESET pin. 



0.7 Vd 



Ports 4 and 5 with internal pull-up resistor. 



0.7 Vdd 



10 



Ports 4 and 5 with open drain. 





V,H4 


Vdd-0.5 


Vdd 


V 


X1,X2, andXTI. 


Low-level input voltage 


V|L1 





0.3 Vdd 


V 


Ports 2, 3, 4, 5, and 8. 




V,L2 





0.2 Vdd 


V 


Ports 0, 1, 6, 7, and RESET pin. 




V|L3 





0.4 


V 


X1,X2,andXT1. 



High-level output voltage 



V0H1 



Vdd-1.0 



Ports 0, 2, 3, 6, 7, 8, and BIAS. Vdd = 4.5 to 6.0 V. 
Iqh = -1 ITlA. 



Vdd-0.5 



Ports 0, 2, 3, 6, 7, 8, and BIAS. Iqh = -100 juA. 



VoH2 Vdd-2.0 



BP0-BP7 (two Iqh outputs). Vdd = 4.5 to 6.0 V. 
•oh = -100 jttA. 



Vdd-1-0 



BP0-BP7 (two Iqh outputs). Iqh = -50 jllA. 



Low-level output voltage 



V0LI 



0.4 



2.0 



Ports 3, 4, and 5 (Vdd = 4.5 to 6.0 V, Iql = 15 mA). 



0.4 



Ports 0, 2, 3, 4, 5, 6, 7, and 8. Vdd = 4.5 to 6.0 V. 
Iql = 1 -6 mA. 



0.5 



Ports 0, 2, 3, 4, 5, 6, 7, and 8. Iql = 400 juA. 



0.2 Vdd 



SBO and SB1. Open drain with pull-up resistor ^ 1 kQ 



1.0 



BP0-BP7 (two Iql outputs). Vdd = 4.5 to 6.0 V. 
Iql = 100 jxA. 







1.0 


V 


BP0-BP7 (two Iql outputs). Iql = 50 juA. 


High-level input leakage current 


Ilihi 


3 


M 


V|N = Vdd- Other than X1 , X2, and XT1 . 




IlIH2 


20 


jiiA 


V|N = VDD.X1.X2,andXT1. 




IlIH3 


20 


M 


V|N = 10 V. Ports 4 and 5 with open drain. 


Low-level Input leakage current 


Ilili 


-3 


fxA 


V,N = V. Other than XI, X2, XT1. 




IlIL2 


-20 


fxA 


V,N = 0V.X1,X2,andXT1. 


High-level output leakage current 


•lohi 


3 


M 


Vqut = Vdd- Other than ports 4 and 5 wjth open 
drain. 




•lOH2 


20 


M 


Vqut = 10 V. Ports 4 and 5 with open drain. 


Low-level output leakage current 


'lol 


-3 


M 


VouT = OV. 



Internal pull-up resistor 



Rli 


15 


40 


80 


kQ 


Ports 0, 1, 2, 3, 6, 7,and 8 (except POq). V,n - V. 
Vdd = 5.0 V ±10%. 




30 




300 


kQ 


Ports 0, 1, 2, 3, 6, 7,and 8 (except POq). V,n = V. 
Vdd = 3.0 V ±10%. 


RL2 


15 


40 


70 


kQ 


Ports 4 and 5. Vqut = Vdd -2.0 V. 
Vdd = 5.0 V ±10%. 







10 




60 


kQ 


Ports 4 and 5. Vqut = Vdd -2.0 V. 
Vdp = 3.0V±10%. 


LCD drive voltage 


Vlcd 


2.5 




Vdd 


V 




LCD step-down resistor 


Rlcd 


60 


100 


140 


kQ 
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DC Characteristics, i[APD75328 (cont) 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


LCD common output voltage 
deviation (Note 1) 


VODC 







±0.2 


V 


lo = ±5 ^A. Vlcdo = Vlcd. Vlcdi = Vlcdx2/3. 
VlCD2 = VlcdX1/3, 2.7 V <. Vlcd ^ Vqd. 


LCD segment output voltage 
deviation (Note 1) 


VODS 







±0.2 


V 


lo = ±1 M. Vlcdo = Vlcd. Vlcdi = Vlcdx2/3, 
Vlcd2 = Vlcdx1/3, 2.7 V s Vlcd ^ Vqd. 



Supply current (Note 2) 



'ddi 


2.5 


8 


mA 


4.19-MHz crystal oscillator (CI = C2 = 22 pF). 
Vdd = 5 V ±10% (Note 3). 




0.35 


1.2 


mA 


4.19-MHz crystal oscillator (C1 = C2 = 22 pF). 
Vdd = 3 V ±10% (Note 4). 


•dD2 


500 


1500 


^A 


4.19-MHz crystal oscillator (CI = C2 = 22 pF). 
HALT mode. Vqd = 5 V ±10%. 




150 


450 


M 


4.19-MHz crystal oscillator (CI = C2 = 22 pF). 
HALT mode. Vqd = 3 V ±10%. 


IdD3 


30 


90 


M 


32-kHz crystal resonator. Operation mode. 
Vdd = 3 V ±10%. Main system clock stopped. 


IdD4 


5 


15 


M 


32-kHz crystal resonator. HALT mode. 

Vdd = 3 V ±10%. Main system clock stopped. 


'dD5 


0.5 


20 


nA 


XT1 = V. STOP mode. Vdd = 5 V±10%. 




0.1 


10 


M 


XT1 = V. STOP mode. Vdd = 3 V ±10%. 



0.1 



jiiA XT1 = V. STOP mode. Vdd = 3 V ±10%. 
Ta = 25''C. 



Notes: 

(1) Voltage deviation is the difference between the Ideal segment or (3) 
common output value VLCDn (n = 0, 1 , or 2) and the output 
voltage. (4) 

(2) Current values for the internal pull-up resistor and the LCD 
step-down resistor are not included. 



When the processor clock control register (PCC) is set to 0011H 
and the CPU Is operated in the high-speed mode. 

When the processor clock control register (PCC) is set to OOOOH 
and the CPU is operated in the low-speed mode. 



AC Characteristics, j;iPD75328 

Ta == -40 to +85°C; Vdd = 2.7 to 6.0 V 



Parameter 



Symbol 



IMin 



Typ 



l\/lax 



Unit 



Conditions 



Cycle time (Note 1) 



tCY 



0.95 



64 



jllS 



Operation with main system clock. 
Vdd = 4.5 to 6.0 V 



3.8 



64 



jttS 



Operation with main system clock. 







114 


122 125 


fiS 


Operation with subsystem clock. 


TIO input frequency 


^Ti 





1 


MHz 


Vdd = 4.5 to 6.0 V 







275 


kHz 




TIO input low- and high-level width 


*[b *IH 


0.48 




MS 


Vdd = 4.5 to 6.0 V 




1.8 




jttS 




Interrupt inputs low- and high-level width 


t|NTL. *INTH 


(Note 2) 




jUS 


INTO 




10 




IttS 


INT1,2, 4 




10 




jUS 


KR0-KR7 


RESET low-level width 


*RSL 


10 




MS 





Notes: 



(1) Cycle time (minimum instruction execution time) is determined 
by the frequency of the oscillator connected to the microcom- 
puter, system clock control register (SCC), and the processor 
clock control (PCC). See figure 5. 



(2) 2tcY or 128/fxx. depending on the setting of the interrupt mode 
register (IMO). 
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Figure S. /iPD75328 tcr vs Vgo ifith Main System Clock 
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A/D Converter Characteristics, /iPD75328 

Ta = -10 to +85°C; Vdd = 3.5 to 6.0 V; AVss = Vss = V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Resolution 




8 


8 


8 


bits 




Absolute accuracy (Note 1) 








±1.5 


LSB 


2.5V^ AVref ^ Vdd 


Conversion time 


tCONV 






168/fx 


s 


(Note 2) 


Sampling time 


tSAMP 






44/fx 


s 


(Notes) 


Analog input voltage 


V,AN 


AVss 




AVref 


V 




Analog input impedance 


Ran 




1000 




Mfl 




AVref current 


Iref 




1.0 


2.0 


mA 





Notes: 

(1) The absolute accuracy does not Include the quantization error 
(±1/2 LSB). 

(2) The total conversion time until EOC = 1 is 40.1 jus at 
fxx = 4.19 MHz. 



(3) The time until completion of sampling is 10.5 las (fxx = 4.19 MHz). 
Note that the sampling time value is included in the total 
conversion time value. 

(4) For detailed A/D converter information refer to the user's manual. 



Serial Transfer Operatidhj ^PD75328 

2-Line/3-Line Serial I/O Mode (SCK, Internal Clock Output) 

Ta = -40 to +85''C; Vdd = 2.7 to 6.0 V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


*KCY1 


1600 






ns 


Vdd = 4.5 to 6.0 V 




3800 






ns 




SCK low- and high-level width 


kL1» *KH1 


0.5tKCY1-50 






ns 


Vdd = 4.5 to 6.0 V 




0.5tKCY1-150 






ns 




SI vsSUKT setup time 


tSIK1 


150 






ns 




SI vs SCK T hold time 


^Ksn 


400 






ns 




SCK i to SO output delay time 


ksoi 






250 


ns 


Vdd = 4.5 to 6.0 V 








1000 


ns 
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Serial Transfer Operation, iiPD 7532 8 

2-Line/3-Line Serial I/O Mode (SCK, External Clock input) 

Ta = -40 to +85''C; Vdd = 2.7 to 6.0 V 



Parameter 


Symbol 


Min Typ 




Max 


Unit 


Conditions 


^UK cycle time 


tKCY2 


800 






ns 


Vdd = 4.5 to 6.0 V 






3200 






ns 




SCK low- and high-level width 


tKL2. tKH2 


400 






ns 


Vdd = '^•5 to 6.0 V 






1600 






ns 




SI vs SCR t setup time 


tSIK2 


100 






ns 




SI vs SCK T hold time 


tKSI2 


400 






ns 




SCK i to SO output delay time 


tKS02 






300 


ns 


Vdd = 4.5 to 6.0 V 










1000 


ns 




SBI IVIode, MPD75328 

SCK, internal Clock Output (Master) 

Ta = -40 to +85''C; Vqd = 2.7 to 6.0 V 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SUK cycle time 


kCYS 


1600 






ns 


Vdd = 4.5 to 6.0 V 




3800 






ns 




SCK width 


tKL3.tKH3 


0.5tKCY3 -50 






ns 


Vdd = 4.5 to 6.0 V 




0.5tKCY3 -ISO 






ns 




SBO, SBI vs SCK T setup time 


tsiK3 


150 






ns 




SBO.SBI vs SCR t hold time 


*KSI3 


0.5 tKCY3 






ns 




roR i to SBO, SB1 output delay time 


*KS03 







250 


ns 


Vdd = 4.5 to 6.0 V 









1000 


ns 




SCKTtoSBO, SB1 I 


tKSB 


*KCY3 






ns 




SBO.SBUtoSURi 


tSBK 


*KCY3 






ns 




SBO, SBI low-level width 


tSBL 


tKCY3 






ns 




SBO, SBI high-level width 


tSBH 


teY3 






ns 




SBI Mode, MPD75328 

SCIC, External Clock Input (Slave) 

Ta = -40 to +85°C; Vpo = 2.7 to 6.0 V 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY4 


800 






ns 


Vdd = 4.5 to 6.0 V 




3200 






ns 




SCK low- and high-level width 


tKL4. tKH4 


400 






ns 


Vdd = 4.5 to 6.0 V 




1600 






ns 




SBO, SBI vs SCK T setup time 


tSIK4 


100 






ns 




SBO, SBI vs SCK T hold time 


*KSI4 


0.5tKCY4 






ns 




SCK i to SBO, SB1 output delay time 


%S04 







300 


ns 


Vdd = 4.5 to 6.0 V 









1000 


ns 




5URTtoSB0,SB1 i 


^KSB 


tKCY4 






ns 




SB0,SB1 itoSCKi 


tSBK 


tKCY4 






ns 




SBO, SBI low-level width 


tSBL 


tKCY4 






ns 




SBO, SB1 high-level width 


tSBH 


tKCY4 






ns 
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Data Memory STOP Mode 

Ta = -40 to +85°C 


Low Voltage Data Retention Characteristics, ^PD75328 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Data retention voltage 


Vdddr 


2.0 




6.0 


V 




Data retention current (Note 1) 


•dddr 




0.1 


10 


f,A 


Vdddr = 2.0 V 


Release signal set time 


tSREL 









fXS 




Oscillation stabilization time 


tWAfT 




(Notes 3. 4) 




ms 


Release by RESET input 


(Note 2) 




(Note 3) 




ms 


Release by Interrupt request 



Notes: 



(1) Internal pull-up resistor current and LCD resistor ladder (mask 
option) current are not included. 

(2) Oscillation stabilization WAIT time is the time during which the 
CPU is stopped and the crystal is stabilizing. This time is 
required to prevent unstable operation while the oscillator is 
stabilizing. The interval timer can be used to delay the CPU from 
executing instructions by using the basic interval timer mode 
register (BTIVI) according to the following table: 



BTM3 BTM2 BTM1 BTMO WAIT time (fxx = 4.19 MHz) 



- 220/fxx (approximately 250 ms) 

-Oil 2i7/fj^j( (approximately 31.3 ms) 

1 1 2i5/fjQ^ (approximately 7.82 ms) 

1 1 1 2l3/fjQ^ (approximately 1.95 ms) 

(3) Consult the manufacturer's resonator specification sheet for this 
value. 

(4) The interval timer will cause a delay of Z^'^/iy^ seconds after a 
reset. 



ELECTRICAL CHARACTERISTICS 

DC Characteristics, i[iPD75P328 

Ta = -10 to +70*'C; Vdd = 5 V ±5% 



Parameter 



Symbol 



MIn 



Typ 



Max 



Unit Conditions 



High-level input voltage 



0.7 Vn 



Ports 2, 3, and 8. 



V|H2 



0.8 Vn 



Vdd 



Ports 0, 1 , 6, 7, and RESET pin. 



VlH3 



0.7 Vdd 



10 



Ports 4 and 5 with open drain. 





V|H4 


Vdd-0.5 


Vdd 


V 


X1,X2,andXT1. 


Low-level Input voltage 


V,L1 





0.3 Vdd 


V 


Ports 2. 3, 4, 5, and 8. 




V,L2 





0.2 Vdd 


V 


Ports 0, 1, 6, 7, and RESET pin. 




V,L3 





0.4 


V 


X1,X2, andXTI. 


High-level output voltage 


VOHI 


Vdd -1.0 




V 


Ports 0, 2, 3, 6, 7, 8, and BIAS. Iqh = -1 mA. 




V0H2 


Vdd -2.0 




V 


BP0-BP7. Iqh = -100 jttA, two Iqh outputs 



Low-level output voltage 



V0LI 



0.4 



2.0 



Ports 3, 4, and 5 (Iql = 15 rnA). 



0.4 



Ports 0, 2, 3, 4, 5, 6, 7, and 8. Iql - 1-6 mA. 



VoL2 



0.2 Vdd 



SBO and SB1. Open drain with pull-up 
resistor ^ 1 kO. 





V0L3 






1.0 


V 


BPq - BP7. Iql = 100 ikA. Two Iql outputs 


High-level input leakage current 


'lihi 






3 


^ 


V|N = Vdd- Other than X1, X2, XTl. 




'lIH2 






20 


M 


V|N = Vdd. XI, X2, and XTl. 




IlIH3 






20 


juA 


V|N = 10 V. Ports 4 and 5. 


Low-level input leakage current 


Ilili 






-3 


M 


V|N = V. Other than XI , X2, XTl . 




•lIL2 






-20 


M 


V|N = 0V.X1,X2, andXTI. 


High-level output leakage current 


'lohi 






3 


M 


VouT = Vdd- Other than ports 4 and 5. 




IlOH2 






20 


M 


VouT = 10 V. Ports 4 and 5. 


Low-level output leakage current 


•lol 






-3 


M 


VouT = OV 


internal pull-up resistor 


Rli 


15 


40 


80 


kQ 


Ports 0, 1, 2, 3, 6, 7, and 8 (except POq). V|n = V. 
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DC Characteristics, MPD75P328(cont) 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


LCD drive voltage 


Vlx3d 


2.5 




Vdd 


V 




LCD common output voltage 
deviation (Note 1) 


VODC 







±0.2 


V 


lo = ±5 jaA. Vlcdo = Vlco. VlcdI = VlcdX2/3, 
VlCD2 = VlcdX1/3, 2.5 ^ VlcD ^ 5.25 


LCD segment output voltage 
deviation (Note 1) 


VODS 







±0.2 


V 


lo = ±1 mA. Vlcdo = Vlcd. Vlcdi = Vlcdx2/3. 

VlCD2 = Vlcdx1/3, 2.5 ^ Vlcd ^ 5.25 



Supply current (Note 2) 



'ddi 


5 


15 


mA 


4.19 MHz crystal resonator (CI = C2 = 22 pF). 
(Notes 3 and 5). 


'dD2 


500 


1500 


M 


4.19 MHz crystal resonator (CI = C2 = 22 pF). 
HALT mode. 


'dD3 


350 


1000 


M 


32 kHz ceramic resonator. (Note 4). 




35 


100 


>A 


32 kHz ceramic resonator. HALT mode. 



bD4 



0.5 



20 



jttA 



XT1 = OV. STOP mode. 



Notes: 

(1) Voltage deviation is the difference between the ideal segment or 
commoh output value VLCDn (n = 0, 1 , or 2) and the output 
voltage. 

(2) Current value for the internal pull-up resistor Is not included. 

(3) When the processor clock control register (PCC) is set to 001 1H 
and operated in the high-speed mode. 



(4) When operated with the subsystem clock and the system clock 
control register (SCC) is set to 1001 H with the main system clock 
oscillator stopped. 

(5) When the subsystem clock is the oscillator. 



AC Characteristics, /iPD75P328 

Ta = -10 to +70°C; Vdd = 5 V ±5% 












Parameter 


Symbol 


IVIin 


Typ 


IVIax 


Urtit 


Conditions 


Cycle time 


tcY 


0.95 




64 


us 


Operation with main system clock 


(Note 1) 


114 


122 


125 


jttS 


Operation with subsystem clock 


TIO input frequency 


^Tl 







1 


MHz 




TIO input low- and high-level width 


t|L.t|H 


0.48 






iUS 




Interrupt inputs 


tiNTb tiNTH 


(Note 2) 






^s 


INTO 


low- and high-level width 


10 






Tis 


KR0-KR7. INT1,2, and4 


RESET low level width 


tRSL 


10 






jUS 





Notes: 

(1) Cycle time (minimum Instruction execution time) is determined 
by the frequency of the oscillator connected to the microcom- 
puter, system clock control register (SCC), and the processor 
clock control (PCC). See figure 6. 



(2) 2tcY or 128/fxxi depending on the setting of the interrupt mode 
register (IMO). 
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Figure a flPD75P328 tcr vs Vqd ^'^h Main System Clock 



tcY vs Vdd 



64 
60 

V 

6 



2 3 4 5 

Supply Voltage, Vdd (V) 



A/D Converter Characteristics, /iPD75P328 

Ta = -10 to +70°C; Vdd = 5 V ±5%; AVss = Vss = V 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Resolution 




8 


8 


8 


bits 




Absolute accuracy (Note 1) 








±1.5 


LSB 


2.5 V ^AVrep:^ Vdd 


Conversion time 


*CONV 






168/fx 


s 


(Note 2) 


Sampling time 


tSAMP 






44/fx 


s 


(Note 3) 


Analog input voltage 


V,AN 


AVss 




AVref 


V 




Analog input impedance 


Ran 




1000 




Ma 




AVref current 


Iref 




1.0 


2.0 


mA 





Notes: 

(1) The absolute accuracy does not include the quantization error 
(±1/2 LSB). 

(2) The total conversion time until EOC = 1 is 40.1 jas at 
fxx =4.19 MHz. 



(3) The time until completion of sampling is 10.5 |tis (fxx = 4.19 MHz). 
Note that the sampling time value Is included In the total 
conversion time value. 

(4) For detailed A/D converter information refer to the user's manual. 



Serial Transfer Operation, j[iPD75P328 

2-Line/3-Line Serial I/O Mode (SCK, Internal Clock Output) 

Ta = -10 to +70°C; Vdd = 5 V to ±5% 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCYI 


1600 






ns 


Output 


gUR low- and high-level width 


tKH1> Vl1 


0.5tKCY1 -50 






ns 


Output 


SI vs SCK t setup time 


tsiK1 


150 






ns 




SI vs SCK T hold time 


ksii 


400 






ns 




SO vs SCK i output delay time 


tKS01 






250 


ns 
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Serial Transfer Operation, j[iPD75P328 

2-Line/3-Line Serial I/O Mode (SCK, External Clock Input) 

Ta = -10 to +70°C; Vdd = 5 V to ±5% 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY2 


800 






ns 


Input 


SCK low- and high-level width 


*KH2» kL2 


400 






ns 


Input 


SI vs SCK T setup time 


tSIK2 


100 






ns 




SI vs SCK T hold time 


tKSI2 


400 






ns 




SO vs SCK i output delay time 


tKS02 






300 


ns 





SBLMode, /iPD75P328 

SCK, Internal Clock Output (Master) 

Ta = -10 to 4-70°C; Vdd = 5 V to ±5% 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


kCYS 


1600 






ns 




SCK low- and high-level width 


tKH3. tKL3 


0-5tKCY3-50 






ns 




SBO, SB1 vs ^UK t setup time 


tsiK3 


150 






ns 




SBO, SB1 vs SCK T hold time 


ksia 


0.5tKCY3 






ns 




SBO, SB1 vs SCK i output delay time 


ksoa 







250 


ns 




SCKTtoSB0,SB1 I 


kSB 


tKCY3 






ns 




SBO.SBUtoSCKi 


tSBK 


tKCY3 






ns 




SBO, SB1 low-level width 


tSBL 


tKCY3 






ns 




SBO, SB1 high-level width 


tSBH 


tKCY3 






ns 





SBLMode, /iPD75P328 

SCK, External Clock Input (Slave) 



-10 to +70*'C; Vn 



: 5 V to ±5% 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


SCK cycle time 


tKCY4 


800 






ns 




SCK low- and high-level width 


tKH4. tKL4 


400 






ns 




SBO, SB1 vs SCK T setup time 


tSIK4 


100 






ns 




SBO, SBIvs SCK t hold time 


tKSI4 


0.5tKCY4 






ns 




SBO, SB1 vs SCK i output delay time 


tKS04 







300 


ns 




SCKTtoSBG.SBU 


kSB 


kCY4 






ns 




SB0,SB1 itoSCK.1 


tSBK 


tKCY4 






ns 




SBO, SB1 low-level width 


tSBL 


tKCY4 






ns 




SBO, SB1 high-level width 


%BH 


*KCY4 






ns 
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Data Memory STOP Mode Low Voltage Data Retention Characteristics, iiiPD75P328 

Ta = -10 to +70°C 


Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Conditions 


Data retention voltage 


Vdddr 


2.0 




6.0 


V 




Data retention current (Note 1) 


'dddr 




0.1 


10 


IxA 


Vdddr = 2.0 V 


Release signal setup time 


tSREL 









las 




Oscillation stabilization time 


tWAIT 




(Notes 3, 4) 




ms 


Release by RESET input 


(Note 2) 




(Note 3) 




ms 


Release by Interrupt request 



Notes: 

(1) Internal pull-up resistor current is not included in the table for this 
item. 

(2) Oscillation stabilization WAIT time is the time during which the 
CPU is stopped and the crystal is stabilizing. This time is 
required to prevent unstable operation while the oscillator is 
stabilizing. The interval timer can be used to delay the CPU from 
executing instructions by using the basic interval timer mode 
register (BTM) according to the following table: 

BTM3 BTM2 BTM1 BTMO WAIT time (f^x = 4.19 MHz) 

- 220/fjQ^ (approximately 250 ms) 
-Oil 2i7/fjQj (approximately 31.3 ms) 

- 1 1 2i5/fjQ^ (approximately 7.82 ms) 
-111 21 3/fxx (approximately 1.95 ms) 



(3) Consult the manufacturer's resonator specification sheet for this 
value. 

(4) The interval timer will cause a delay of 2^^/i^ ms after a reset. 
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Timing Waveforms 
Clock Timing 



X1 Input 



-tXL- 



-tXH- 



\ / \ vdd 



Vdd - 0.5 V 
0.4 V 



XT1 Input 



-1/fxt- 



-tXTL- 



^^ y 



-tXTH- 



Vdd - 0.5 V 
0.4 V 

49NR-667A 



AC Timing Measurement Points 
(except XI andXTl) 




TIO Timing 



TIO Timing 



-1/fTl- 



-tTIL- 



^ / 



-tTIH- 



interrupt input Timing 



k tiNTL »- 

INTO.INTI. V -. 

INT2, INT4, \ / 
KR0-KR7 'f "3 


"* tiNTH ► 


\ 












49NR-6S4A 



RESET input Timing 



\ 




/ 


r 1 


RESET \ 






49NR-655A 



A^ Conversion Timing 



soc 


r-i 










EOC 










SA Previous \/ Undefined Vconversion 
Register Data ^ Undefined J^ ^^^^^^ 






< — A tSAMP 

Before Start of A/D Conversion 






* i^.,ONV 


49NR-648A 



4-210 



NEC 



JIIPD75328/75P328 



Serial Transfer Timing: 2'Llne/3-Llne (Serial I/O Mode) 



3-Line Serial I/O Mode 



-tKCY1- 



-tKLl- 



-tSIKI-^ 



-tKH1- 



y H 



< Input Data > 



tKSn 



X 



tKS01 



Output Data 



3C 



2-Line Serial I/O Mode 



-tKCY2- 



-tKL2- 



-tKH2- 



^, / \ 



tKS02 y 



-k tsiK2 H 



< tKSI2 H 



SBO, SB1 



X 



5C 
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Serial Transfer Timing (SBi Mode) 



Bus Release Signal Transfer 



SCK 



/ 



*-tKSB- 



SBO. SB1 



Command Signal Transfer 



<-tSBH-*- 



-tSBL* 



-^tSBK-H 



-tKCY3. 4 > 

tKLS. 4 tKHS, 4 

•<* >■ 



>ur^^^rA 



tKS03,4— *■ 



-•— *-tKSI3,4-*^ 
\* HtSIK3,4 



\.J^\ / t r - 



SBO, SB1 



/ 



-tKSB- 



-tSBK-H 



< tKCY3, 4 ^ 



tKL3. 4 tKH3, 4 

"* —^ 



tKS03,4- 
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Data Retention Timing 











Internal R( 
Operatic 








49NR-613B 


STOP Mode is Released by RESET Input 

STOP Instruction 
Execution 


3set 
n 

HALT 












Mode 


Operation 












Mode 






tSREL 




vdd 


\ vdddr 
















^— ^ 


/ 








^ 


t 




RESET 


Standby Release Signal: STOP Mode 

STOP Ir 
Exec 


s Released by Interrupt Request 

struction 
ution 


■^WAIl 


HALT 
Mode 


Operation 
Mode 














/ 

tSREL 




VDD 


\ Vdddr 








Interrup Request 






/ 
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FUNCTIONAL DESCRIPTION 

Addressing and Memory Mapping 

The architecture of the /xPD75328 provides separate 
addressing spaces for program memory (ROM) and data 
memory (RAM). 

Program Memory (ROM). The program memory (ROM) 
is addressed by a 13-bit program counter(PC). The ROM 
contains program object code, Interrupt vector table, 
GET! instruction reference table, and table data. Table 
data Is obtained by using the table reference instruction 
MOVT. 

Figure 7 shows the address range for a branch or 
subroutine call Instruction. The BR PCDE and BR PCXA 
instructions are also used for branching, where only the 
low order eight-bits of the PC are changed. Program 
memory addresses range from OOOOH to 1FFFH. All 
locations of the ROM except OOOOH and 0001 H can be 



used as program memory However, If Interrupts or GETI 
Instructions are used, their corresponding locations 
cannot be used for program memory Table 3 shows the 
ROM reserved special purpose addresses. 

Tables. ROM Reserved Addresses 



Addresses 



Description 



OOOOH- 0001 H 



0002H - OOOBH 



0020H - 007FH 



Vector addresses used for RESET. They also 
contain the MBE bit. 

Interrupt vector address area. Each contains an 
MBE bit value. Interrupts can start from any 
ROM location except OOOOH-0001 H. 

Table area for GETI instructions. GETI accesses 
2 byte or 3 byte instructions using one byte of 
program memory This is useful for compacting 
code. 
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Figure 7. Program Memory Map 



Address 7 6 5 



OOOAH 



0020H 
007FH 
0080H, 
07FFh' 
0800H, 
OFFFH 
1000H 



1F7FH 



Internal reset start address 
(high-order five bits) 



Internal reset start address 
(low-order eight bits) 



INTBT/INT4 start address 
(high-order five bits) 



INTBT/INT4 start address 
(low-order eight bits) 



MBE 



INTO start address 
(highrorder five bits) 



INTO start address 
(low-order eight bits) 



MBE 



INT1 start address 
(high-order five bits) 



INT1 start address 
(low-order eight bits) 



INTCSi start address 
(high-order five bits) 



INTCSI start address 
(low-order eight bits) 



INTTO start address 
(high-order five bits) 



INTTO start address 
(low-order eight bits) 



ii 



GETI instruction reference table 



56 



Y 



5i 



CALLF 

Ifaddr 

instruction 

entry 

address 



BRCB 
I caddr 
instruction 
branch 
address 



CALL 

laddr 
instruction 
subroutine 

entry 
address 

BR I addr 

instruction 

branch 

address 

BR $addr 

instruction 

relative 

branch 

address 

(-15 
to +16) 



BRCB 

I caddr 

instruction 

branch 

address 



GETI 

instruction 
branch 

destination 
address, 

subroutine 

entry 

address 



Program Counter (PC). The pregram counter (PC) is a 
13-bit binary counter tliat holds the address of the 
current program memory location. When an instruction 
executes, the PC is automatically incremented by the 
number of bytes In the current instruction. When a 
branch instruction (BR, BRCB) executes, the PC bits are 
loaded with the branch address from a register pair or an 
instruction's immediate data. When a subroutine call 
Instruction (CALL, CALLF) Is executed, or an Interrupt 
is generated, the PC Is incremented to point to the next 
instruction. This address Is saved In the stack memory 
The CALL Instruction or Interrupt address Is then loaded 
into the PC. When a return instruction (RET, RETS, or 
RETI) Is executed, the contents of the stack memory Is 
restored to the PC. 

Data Memory (RAM). Figure 8 shows the memory bank 
for the data memory (RAM). Data memory cbntalhs three 
banks, banks 0, 1, and 15^ and consists of a general 
purpose static RAM, general purpose registers, and 
peripheral control registers. Memory Is accessed by the 
memory bank enable (MBE) bit and by programming the 
memory barik select (MBS) register. If MBE = 0, the 
lower 128 nibbles of memory bank and the upper 128 
nibbles of bank 15 are accessed. If MBE = 1, the value in 
the MBS register specifies the memory bank. The values 
can be OH for memory bank 0, 1H for memory bank 1, 
and FH for memory bank 15. Both memory bank and 
bank 1 contain 256 nibbles. Although the memory Is 
organized in nibbles, the 75X architecture and instruc- 
tion set allow data operation in bytes, nibbles, and 
Individual bits. 

Data memory is used for storing processed data, general 
purpose registers, and as a stack In a subroutine or 
Interrupt service. The last 20 nibbles of bank 1 are used 
to store the LCD display data. If the area Is not com- 
pletely used by the LCD, It can be used as general 
purpose RAM. The RAM, because of its static nature, can 
retain Its data when CPU operation is stopped and the 
chip Is in the standby mode, provided It has a minimum 
of 2 volts applied to It. 

RAM bank has eight 4-bit general purpose registers 
starting at location OOH. These registers also can be 
used as four 8-blt registers. The on-chip peripheral 
control registers and ports reside in the upper 128 
nibbles of bank 15. Addresses not assigned to a register 
are not available as random memory in bank 15. The 
lower 128 nibbles of bank 15 do not contain RAM. 
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Figure 8. Data Memory Map 







* OOOH 








General t t 




007H 
008H 


8x4 






purpose register 












Bar 


ikO 


256x4 




Stack 
area 




- 


' OFFH 






'' 




^ 100H 








Bar 


ik1 


256x4 




General purpose 

static RAM 

492x4 




1EBH 
1ECH 

1FFH 




-- 


i 


20x4 




Display 
, data memory 


' General purpose 
static RAM 


^ 


^ 


1 




^ F80H 










Bank 15 


128x4 




Peripheral 
hardware area 




FFFH 






i 


1 
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Addressing Modes. The /iPD75328 can address data 
memory and ports as individual bits, nibbles, or bytes. 
These addressing modes are as follows: 

1-bit direct data memory 
4-bit register Indirect (@rpa) 
4-bit direct data memory 
8-bit register indirect (@HL) 
8-bit direct data memory 

Table 4 shows the data memory addressing modes. 

Table 4. Daia Memory Addressing Modes 
(Noie 1) 

Addressing Mode Format 



Address 



1 -bit direct mem. bit Tine memory bank is: 

addressing if IVIBE = 0: 

MB = for addr 00H-7FH 
MB = 15foraddr80H-FFH 
ifMBE = 1: 
MB = (MBE)#(MBS Reg) 
Tlie memory location and bit 
witliin tlie memory bank is: 
mem.bit 



4-bit direct 
addressing 



The memory bank is: 
If MBE = 0: 
MB = for addr 00H-7FH 
MB = 15foraddr80H-FFH 
IfMBE = 1: 
MB = (MBE)«(MBS Reg) 
The memory location within the 
memory bank is: 
mem 



Tabie 4. Data Memory Addressing Modes 
(Noie 1) (cont) 

Addressing l\/lode Format Address 



8-bit direct 
addressing 



The memory bank is 
if MBE = 0: 
MB = for addr 00H-7FH 
-"^Wa-^HrSOH-FFH 

Reg) 

thin the 
memory u«, .., . _ 

mem 
mem must be an even address 



4-bit register 

Indirect 

addressing 



@ HL The memory bank Is: 

MB = (MBE)«(MBS Reg) 
The memory location within the 
memory bank is: 
contained in register HL 

@ DE The memory bank is always 

bank 0. 

The memory location within the 
memory bank Is: 
contained In register DE 

@ DL The memory bank Is always 

bank 0. 

The memory location within the 
memory bank is: 
contained in register DL 



8-bit register 

indirect 

addressing 



Bit manipulation 
addressing 



@ HL The memory bank is: 

MB = (MBE)«(MBS Reg) 

The memory location within the 
memory bank Is: 

contained In register HL 
HL must contain an even 
address 

fmem. bit The memory bank is bank 15. 

The memory location In bank 15 
Is fmem where: 

fmem = BOH-BFH for 
Interrupts 

fmem = FOH-FFH for I/O 
ports 

The bit is specified in: 
fmem.bit 
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Table 4. Data Memory Addressing Modes 
ff>ioie 1) (cent) 

Addressing Mode Format Address 



Bit manipuiation 
addressing (cont) 



pmem.@L Tlie memory location is 

independent of MBE and MBS. 
Tlie upper 10 bits of the location 
are in the high order 10-bits of 
pmem and the 2 lower address 
bits are in the upper 2-bits of 
register L 

The bit to be manipulated is 
specified by the 2 LSBs of 
register L 

@ H + The memory bank is: 

mem. bit MB = (MBE)»(MBS Reg) 

The memory location within the 

memory bank is: 
4 upper bits are in register H 
4 lower bits are mem 

The bit is specified in: 
mem.bit 

The stack Is always In bank 
and the address is indicated by 
stack pointer SP 



Notes: 

(1) MBE: Memory bank enable bit 
MB: Memory bank 
MBS: Memory bank select register 
mem: A memory location within a memory bank 
mem.bit: A memory location and a bit at that location 

Table 5 shows the peripheral control register addressing 
modes. 

Table 5. On-Chip Peripherals Addressing Modes 



stack 
addressing 



Type of 

Manipulation Addressing iVIode 



Hardware 



Bit 



MBE = or MBE = 1 and MBS 
= 15; direct addressing 
(specified in mem.bit). 



All hardware 
where bit 
manipulation 
can be 
performed 



Direct addressing regardless of 
the setting of MBE and MBS. 
(specified in fmem. bit). 



ISTO, MBE; 
lExxx, 
IRQxxx, 
PORTn.x 



Indirect addressing regardless BSBn.x; 

of the setting of MBE and MBS. PORTn.x 
(specified In pmem. @L). 



4-blt MBE = or MBE = 1 and MBS 

= 15; direct addressing, 
(specified in mem). 

MBE = 1 and MBS = 16; 
register indirect addressing, 
(specified in @HL) 



All hardware 
where 4-blt 
manipulation 
can be 
performed 



Table 5. On-Chip Peripherals Addressing Modes 
(con^ 



Type of 






Manipulation 


Addressing l\Aode 


Hardware 


8-bit 


MBE = or MBE = l.and 


All hardware 




MBS = 15; direct addressing 


where 8-bit 




(specified in mem.); mem must 


manipulation 




be an even address. 


can be 




MBE = 1 and MBS = 15; 


performed 




register indirect addressing 






(specified in @HL); L register 






must contain an even number. 





Clock Generator 

The clock generator uses a crystal as a time base to 
generate its clocks. Figure 9 shows the generator which 
consists of a main and subsystem oscillator, frequency 
dividers, multiplexers, and three control registers (PCC, 
sec, and CLOM). Registers PCC and SCC are pro- 
grammed to supply frequencies derived from the crystal 
to the CPU at one of four speeds. Register CLOM 
controls the clock output to the output pin PCL Regis- 
ters PCC and SCC control the HALT and STOP logic. 

The inPD75328 contains a subsystem clock with an 
oscillator driven by an external crystal. The clock oper- 
ates from 32 kHz to 35 kHz. It can be used as a clock 
source for the watch timer, the LCD controller/driver, and 
the CPU. 

Basic Interval Timer 

The basic interval timer provides continuous real time 
interrupts. The timer consists of a multiplexer, 8-bit free 
running counter, and the 4-bit BTM control register. See 
figure 10. Every time the counter increments to FFH, it 
generates an interrupt, overflows to OOH, and continues 
to count. In addition to clearing the counter and its 
interrupt request, the BTM register Is used to select one 
of four clock inputs. The counter can generate 250 ms 
interrupts with a 4.19 MHz crystal. It provides oscillator 
stabilization time when the chip leaves the STOP mode. 



4-216 



NEC 



PPD75328/75P328 



Timer/Event Counter 

The timer/event counter consists of a binary 8-bit up- 
counter, 8-bit modulo register, 8-bit comparator, clocl< 
multiplexer, mode control register (TMO), and a TOUT 
flip-flop. See figure 11. Control logic allows the TOUT 
flip-flop signal to be output to port 2. 

The counter operates when an 8-bit value is loaded into 
the modulo register A count register clock is selected in 



the clock multiplexer by control register TMO. The 8-bit 
up-counter is incremented every time it receives a 
counter pulse (OP). When the count value equals the 
modulo register count, the 8 -bit comparator outputs a 
signal.This toggles the TOUT flip-flop and resets the 
count register to OOH. The count register continues to 
count up unless it is stopped. Every time flip-flop TOUT 
changes state, it generates an interrupt signal. Signal 
TOUT can also be used as a clock for the serial interface. 



Figure 9. Clock Generator 
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Figure 10, Basic Interval Timer 
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Watch Timer 

The watch timer, when using a 4.19 MHz prystal, will 
generate interrupt requests (not interrupts) at 0.5 second 
intervals. The timer consists of an input multiplexer, 
divider, output multiplexer, control logic^ and control 
register WM. See figure 12. It is normally used as a time 
source for tracking the time of day. It is also used as a 
clock source for the LCD controller. It can operate in the 
STOP mode, when a subsystem clock is present, and is 
capable of outputting a 2 kHz buzzer signal. 



Figure 11. Timer/Event Counter 
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Figure 12. yifytch Timer 
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Input/Output Ports 

The /xPD75328 provides eight 1-bit output ports and nine 
4-bit ports; seven are input/output and two are input only. 
Table 6 lists the function and operation of the I/O ports. 
Figure 13 shows the internal circuits of the ports, which 
are classified as types A through Z. 



Tabie 6. Operation of ttie Digital I/O Ports 



Port 


Input/Output 


operation 


Additional Pin Applications 


PO, P1 


4-bit input only 


Can be read or tested regardless of the 
operation mode of the following pins: 
SO/SBO, SI/SBI, SCK, INTO. INT1, INT2, 
INT4, orTIO. 


SO/SBO, SI/SB1, SCK, INTO. INT1, INT2, INT4, 
and TIO 


P3 


4-bit I/O 


Can be set-up in input or output mode in 
- 1 -bit units. 


LCDCL and SYNC 


P6 


4-blt I/O 


KR0-KR3 


P2 


4-bit I/O 


Can be set-up in input/output mode in 4-bit 
"" units. Ports 6 and 7 can be paired for data 
. input/output in 8-bit units. 


PTOO. PCL.andBUZ 


P7 
P8 


4-bit I/O 
4-bit I/O 


KR4-KR7 


P4, P5 


4-bit I/O (N-channel open 
drain 10 volts) 


Can be set-up in input or output mode in 
4-bit units. Ports 4 and 5 can be paired for 
data input/output in 8-bit units. An LED can 
be driven directly 


Internal pull-up resistor specified in 1-bit units 
by the mask option 


BP0-BP7 


1 -bit output only 


Data is output In 1-bit units. The BP0-BP7 
pins are also used as output pins (S24-S31) 
to drive LCD segments. BP0-BP7 can be 
changed by software. 
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Figure 13. Input/Output Circuits 
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Figure 13, Input/Output Circuits (cont) 
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Figure 13. input/Output Circuits (cont) 



TypeM-C 

(PO3) 

vdd 

Pull-Up Resistor > 
Pull-Up Resistor Enable ^o — I W~ p.ch 



TypeY 

(AN0-AN5) 



TypeZ 

(AVref) 



Data 
Output Disable 



Zj>-|FN-ch 



-^ 



P-ch, 



Vdd ^-^^ —r- 

4^T 



AVss 



Vdd 



Sampling CIZI 




vss 



Reference Voltage 
(From the voltage tap in 
the series resistor ladder) 



AVss 



Serial Interface 

The 8-bit serial Interface allows the /LtPD75328 to com- 
municate with other NEC or NEC like serial interfaces. 
The serial interface consists of an 8-blt shift register 
(SIO), serial output latch (SO), 8-bit address compara- 
tor, slave address register (SVA), control registers (CSIM 
and SBIC), busy/acknowledge circuitry, and bus release/ 
detect circuitry. See figure 14. The interface also con- 
tains a serial clock counter, clock multiplexer, and serial 
clock control logic. The serial interface contains a three 
wire interface, which consists of the following: 

• Serial Data In (SI/SB 1) 

• Serial Data Out (SO/SBO) 

• Serial Shift Clock (SCI^ 

The three serial interface operation modes are: 

• Two-wire serial mode 

• Three-wire serial mode 

• Two-wire SBI mode 

The two or three wire serial modes are the simplest 
modes; the 8-bit shift register is loaded with a byte of 
data and eight clock pulses are generated. The pulses 
shift data out of the SO line and in from the SI line, 
thereby communicating in full duplex. When a byte of 
data is sent, a burst of eight clock pulses is generated 
and 8 -bits of data are sent. The data may be sent with the 
LSB or MSB first. The Interface can also be set to receive 
data only consequently SO will be in the high impedance 
state. One of four internal clocks or an external clock 
clocks the data. 



The SBI mode uses a two-wire Interface with devices In 
a master/slave configuration. See figure 15. There is only 
one master device at a time; all others are slaves. The 
master sends addresses, commands, and data over the 
bus. The slaves are able to detect in hardware if their 
addresses were sent, a command was sent, or a portion 
of data were sent. There can be up to 256 slave ad- 
dresses, 256 commands, and 256 data types. All com- 
mands are user definable. Commands can be sent to 
change slaves into masters; previous masters become 
slaves. Firmware performs this type of operation and 
thus the user decides whether the bus is simple or 
complex. 
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Figure 14. Serial interface Biocic Diagram 
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Figure 15. SBI Mode Master/Slave Configuration 
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LCD Controller/Driver 

The liquid-crystal display (LCD) controller/driver can 
directly drive up to a maximum of 80 segments. See 
figure 16. The controller can be programmed to operate 
In the static mode (drive 20 segments), multiplexed 
mode (drive 40 segments), triplexed mode (drive 60 



segments), or the quadriplexed mode (drive 80 seg- 
ments). The multiplexed mode uses 1/2 BIAS voltage; 
triplexed mode uses 1/2 or 1/3 BIAS voltage; and the 
quadriplexed mode uses 1/3 BIAS voltage. 

The controller/driver automatically refreshes the LCD 
with data from the upper 20 nibbles of RAM memory 
bank one. To drive an LCD, the controller/driver uses 
display data multiplexers, segment drivers S12-S31. and 
common drivers COM0-COM3. The LCD controller/driver 
Is controlled by registers LCDM, LCDC, and PGMA. The 
LCD controller/driver clock (Flcd) 'S the main clock and 
is supplied by the watch timer The watch timer operates 
while the chip is in the STOP mode, when it is driven from 
the subsystem clock. Hence the LCD controller/driver 
also operates in the STOP mode. 

The SYNC signal and LCDCL clock are available as 
outputs so that additional LCD controllers can be added. 
The drive signals for the controller/driver can be set 
internally by the resistor ladder mask option (ordered as 
a mask option). However,' the levels can also be set by 
using external resistors connected to pins Vlco-Vlc2- To 
control the contrast of the LCD, a BIAS pin is also 
available. 



Figure 16. LCD Controiier/Driver Biocic Diagram 
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A/D Converter 

The 8-bit analog to digital (A/D) converter is equipped 
with six inputs and uses an successive approximation 
routine (SAR) for the A/D conversion. See figure 17. An 
A/D conversion occurs when one of six inputs is selected 
by the ADM register. The conversion starts by setting bit 
3 of the ADM register. The selected input is sampled by 
using the sample and hold circuit and multiplexer. Then, 
using the SAR with the comparator, resistor ladder, and 
SA register, the Input value is converted. The converted 
value is stored in the SA register When bit 2 of the ADM 
register is set, conversion is complete and can be read 
from the SA register. 

Bit Sequential Buffer 

The 16-bit sequential buffer is the only general purpose 
RAM in the upper half of data memory bank 15: all the 



other locations in this bank contain either on-chip pe- 
ripheral control registers or unused addresses. Atypical 
application for this buffer is data storage for the next 
serial output or input. Another application is as a port 
output data storage area. The bit sequential buffer can 
be bit, nibble, or byte manipulated. 

Interrupts 

The three external and three internal interrupts are all 
vectored interrupts and are shown in figure 18. Table 7 
lists a summary of the interrupts. Input INT2 detects 
rising edge inputs and generates an interrupt request 
flag, which is testable. Inputs KRq through KR7 detect a 
falling edge and generate the same interrupt request flag 
as INT2. INT2 and KRq through KR7 do not cause an 
interrupt, but can be used to release the standby mode. 
Interrupt requests and all Interrupts except INTO release 
the standby mode. 



Figure 17. A/D Converter Block Diagram 
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Figure 18. Interrupt Controller Block Diagram 
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Table 7. interrupt Sources 



Interrupt Source 



Internal/External 



Interrupt Priority 
(Note 1) 



Vectored Interrupt Request/ 
Table Address 



INTBT 

(Time reference interval signal from the basic 

interval timer) 



Internal 



VRQ1/0002H 



INT4 

(Rising and falling edge detection) 


External 






INTO 

(Rising/falling edge detection) 


External 


2 


VRQ2/0004H 


INT1 

(Rising/falling edge detection) 


External 


3 


VRQ3/0006H 


INTCSI 

(Serial data transfer end signal) 


Internal 


4 


VRQ4/0008H 


INTTO 

(Signal generated when programmable timer/ 

counter count register and modulo register 

coincide) 


Internal 


5 


VRQ5/000AH 



INT2 

(Rising edge input detection to INT2 pin or 

falling edge input detection to KR0-KR7) 

INTW 

(Watch timer signal) 



Testable input signals (Tests if IRQ2 and IRQW are set) 



Notes: 

(1) The interrupt priority determines the order when two or more 
simultaneous interrupts occur. 

Standby Modes 

Three standby modes, HALT, STOP, and data retention 
reduce power consumption during a program standby 
state. Table 8 summarizes the standby modes. 

Execution of the HALT instruction selects the HALT 
mode. In the HALT mode, the CPU clock ^ Is turned off 
which stops the CPU. However, all other portions of the 
chip except Interrupt INTO are functional. Execution of 
the STOP instruction selects the STOP mode. In the 
STOP mode, the chip's main system oscillator is turned 
off, stopping all portions of the chip except those oper- 
ating from the subsystem clock. If the subsystem clock is 
used, it remains on. 



A RESET or any Interrupt request except INTO releases 
the HALT and STOP modes. The data retention mode can 
be selected after the STOP mode has been selected. In 
this mode, the supply voltage Vqd can be lowered to 
2 volts, further reducing the power consumption. The 
contents of the RAM and registers are retained. The data 
retention mode is released by first raising the supply 
voltage Vdd to Its operating level. The chip will now be in 
the STOP mode which may be released as described 
above. 
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Table a. Operation 


€ffthe Standby Modes 




operating State 


STOP Mode 


HALT mode 


Mode setting Instruction 


STOP instruction 


HALT Instruction 


Clock oscillator 


Only the main system clock oscillator is 
stopped. 


Only CPU clock ^ is stopped. Main and 
subsystem oscillators continue to operate. 


Basic interval timer 


Operation stops 


Operation continues (IRQBT is set at reference 
time intervals). 


Serial interface 


Operates only when external SCK input is 
selected for serial clock. 


Operational. 


Timer/event counter 


Operates only when TIO pin input is selected for 
clock count. 


Operational. 


Watch timer 


Operates when fxj is selected for the clock 
count. 


Operational. 


LCD controller 


Operates only when fxr ie selected for LCDCL 


Operational. 


External Interrupts 


INT1, INT2, and INT4 are allowed to operate. 
Only INTO cannot operate. 


All operational except INTO 


CPU 


Operation stops. 


Operation stops 


Release signal 


Enabled interrupt request signal (except INTO) 
with Interrupt enable flag or RE^ET input. 


Enabled interrupt request signal (except INTO) 
with interrupt enable flag or RESET input. 



RESET 



Table 9 shows the status of the chip, after the RESET 
signal is applied. 



Table 9. Chip Status after RESET 



Function 


RESET during Standby iMode 


RESET during Operational iVIode 


Program counter (PC) 


Contents of the low-order five bits of program memory address OOOOH are loaded 
Into program counter PC12-PC8; contents of address 0001 H are loaded into PC7-PC0. 


PSW -carry flag (CY) 


Held 




Unknown 


PSW- skip flag (SK0-SK2) 










PSW -interrupt status flag (ISTO) 










PSW -bank enable flag (MBE) 




Bit 7 of program memory address OOOOH sets state of MBE. 


Stack pointer (SP) 


Unknown 




Unknown 


Data memory (RAM) 


Held (note 1) 




Unknown 


General-purpose registers pc, A, H, L, D, E, B, C) 


Held 




Unknown 


Bank selection register (MBS) 










Basic Interval timer - counter (BT) 


Unknown 




Unknown 


Basic interval timer - mode register (BTM) 










Timer/event counter - counter (TO) 










Timer/event counter - modulo register (TMODO) 


FFH 




FFH 


Timer/event counter - mode register (TMO) 










Timer/event counter - TOEO, TOUT F/F 


0,0 




0,0 


Watch timer mode register (WM) 










Serial Interface - shift register (SIO) 


Held 




Unknown 


Serial Interface - operation mode register (CSIM) 










Serial Interface - SBI control register (SBIC) 
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Table 9. Chip Status after RESET (CO 




Function 


RESET during Standby iVIode 


RESET during Operational Wtode 


Serial interface - slave address register (SVA) 


Held 


Unknown 


Clock generator, clocl< output circuit -processor 
cicely control register (PCC) 








Clock generator, clock output circuit -system 
clock control register (SCC) 








Clock generator, clock output circuit-clock output 
mode register (CLOM) 








LCD controller - display mode register (LCDM) 








LCD controller - display control register (LCDC) 








A/D converter - mode register (ADM), EOC 


04H (EOC = 1) 


04H (EOC = 1) 


A/D converter - SA register 


7FH 


7FH 


Interrupt function - Interrupt request flags 
(IRQXXX) 


Reset to 


Reset to 


Interrupt function - interrupt enable flags (lEXXX) 








Interrupt function - interrupt master enable flag 
(IME) 








Interrupt function - INTO, INT1, and INT2 mode 
registers (IM0,IM1, and IM2) 


0,0,0 


0,0,0 


Digital ports - output buffer 


Off 


Off 


Digital ports - output latch 


Cleared to zero 


Cleared to zero 


Digital ports - I/O mode registers 
(PMGA, PMGB,PMGC) 








Digital ports - Pull-up resistor specification 
register (POGA, POGB) 








Pin states - PO0-PO3, PI0-PI3. PSq-PSs, P3o-P33, 
P60-P63, P7o-P73, P80-P83 


Input 


Input 


Pin states - P4o-P43, P5o-P53 


Internal pull-up resistors (high level). 
Open drain (high impedance). 




Pin states - 812-823, COM0-COM3 


Unknown 


Unknown 


Pin states - BIAS 


Internal resistor ladder (low level). 
External resistor ladder (high impedance) 




Bit sequential buffer (BSB0-BSB3) 


Held 


Unknown 



Notes: 

(1) Data in a ddresses 0F8H-0FDH of the data memory Is undefined 
when the RESET signal is input. 
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OTP PROM (Program Memory Write and Vferify) 

The AiPD75P328 contain 8064 x eight-bits of one-time 
programmable (OTP) program memory. The OTP is pro- 
grammed by the pins listed in table 10. During OTP 
programming, addresses are incremented by applying 
clock pulses to the X1 Input. 

Table 10, OTP Access 



Pin 



Function 



Vpp 



OTP programming voltage pin (normaiiy Vpo) 



X1 



Address increment clock input during 
programming. 



IVID0-MD3 Mode selection during OTP programming 

P4o-P43 4-bit data I/O pins during OTP programming, low- 

order four bits 

P5o-P53 4-bit data I/O pins during OTP programming, high- 

order four bits 

Vdd Supply voltage pin: 5 V ±10% during normal 

operation; 6 V during OTP programming. 

Notes: 

(1) During OTP programming: Connect all unused pins (except XT2) 
to Vss through a pull-down resistor. Do not connect the XT2 pin. 

(2) The jtiPD75P328 has no erasure window. The program memory 
data cannot be erased with ultraviolet light. 

OTP Operation Mode 

The iiiPD75P328 operates in the program memory write/ 
verify mode when +6 V Is applied to Vdd and 12.5 V to 
Vpp. Mode pins MD0-MD3 select the operation modes 
shown In Table 11. 

Table 1 f . OTP Operation Mode Selection 

Vpp = +12.5 V; Vdd = +6V 



IVIDo 


l\ADi 


IVID2 


IVID3 


operating f\/lode 


H 


L 


H 


L 


Program memory address clear 


L 


H 


H 


H 


Program memory write 


L 


L 


H 


H 


Program memory verify 


H 


X 


H 


H 


Program inhibit 



Notes: 
(1) x = 



Program Memory Write/Verify. The program memory 
write/verify procedure follows (high speed write is en- 
abled): 

( 1) Connect unused pins to Vss through a pull-down 
resistor. Hold XI low. 

( 2) Supply 5 V to Vdd and Vpp. 

( 3) Wait for 10 MS. 

( 4) Select the program memory address clear mode. 

( 5) Change the voltage on Vdd to 6 V and on Vpp to 
12.5 V. 

( 6) Select the program Inhibit mode. 

(7) Write data in the 1 ms write mode. 

( 8) Select the program Inhibit mode. 

( 9) Select the verify mode. If data is written correctly, 
proceed to step 10; if data Is not written correctly, 
repeat steps 7-9. 

(10) Perform one additional write. 

(11) Select the program Inhibit mode. 

(12) Increment the program memory address by one by 
inputting four pulses to XI. 

(13) Repeat steps 7-12 until the end address occurs. 

(14) Select the program memory address clear mode. 

(15) Change the voltage on Vdd and Vpp to 5 V. 

(16) Turn off power. 

The timing for steps 2-12 is shown in figure 19. 



LorH. 
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Figure 19, Timing Diagram for Program Memory Write/ybrify 
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Program Memory Read. The program memory read 
procedure follows: 

( 1) Connect unused pins to Vss through a pull-down 
resistor. Hold X1 low. 

( 2) Supply 5 V to Vdd and Vpp. 

( 3) Wait for 10 jus. 

( 4) Select the program memory address clear mode. 

( 5) Change the voltage on Vdd to 6 V and on Vpp to 
12.5 V. 

( 6) Select the program inhibit mode. 



( 7) Select the verify mode. When four clock pulses are 
input to X1, one address of data is output. 

( 8) Select the program inhibit mode. 

( 9) Select the program memory address clear mode. 

(10) Change the voltage on Vdd and Vpp to 5 V. 

(11) Turn off power. 

The timing for steps 2-9 Is shown in figure 20. 
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Figure 20. Timing Diagram for Program Memory Read 
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INSTRUCTIONS 

The iuPD75328 provides a powerful set of 103 instruc- 
tions. 

Instruction Timing 

The minimum instruction execution time Is 0.95 jus with 
a crystal frequency of 4.19 MHz. The processor clock 
control (PCC) register is used to program the CPU 
instruction execution time to 0.95 jiiS, 1.91 /iS, or 15.3 ;as 
(assuming a 4.19 MHz crystal). Power consumption can 
be reduced by lowering the CPU speed. 



Instruction Set 

The instruction set contains the following features: 
• Versatile bit manipulation instructions 



Four-bit manipulation instructions 
Eight-bit data transfer instructions 
GETI instruction to reduce program size 
Vertically stored and base correction instructions 
Table reference instructions 
One-byte relative branch instructions 
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Organization. Tables 12-16 define the operands, sym- 
bols, and addressing symbols found in table 16. Table 16 
lists the instruction set encodings by instruction groups. 

Clock Cycles. One machine cycle equals one CPU clock 
cycle <!>. The PCC selects one of four available CPU cycle 
speeds. 

Skip Cycles. S equals the number of extra machine 
cycles required for skip operation when executing a skip 
instruction: 

• S = 0, No skip 

• S = 1, one- or two-byte instruction or GETI instruc- 
tion is skipped 

• S = 2, three-byte instruction is skipped 
(BR laddr, CALL laddr Instruction) 



Table 12, 


Operand Formats and Vstlues 


Format 


Values 


reg 


X,A, B.C, D, E, H, L 


regl 


X, B.CD.E, H.L 


rp 


XA, BC, DE, HL 


rp1 


BC, DE, HL 


rp2 


BC, DE 


rpa 


HL, DE, DL 


rpal 


DE, DL 


n4 


4-bit immediate data or label 


n8 


8-bit immediate data or label 


mem (Note 1) 


8-bit immediate data or label 


bit 


2-bit immediate data or label 


fmem 


FBOH-FBFH, FFOH-FFFH immediate data or label 


pmem 


FCOH-FFFH immediate data or label 


addr 


0000H-177FH immediate data or label 


caddr 


12-bit immediate data or label 


faddr 


11 -bit immediate data or label 


taddr 


20H-7EH immediate data (bit = 0) or label 


PORTn 


PORT 0-8 


lExxx 


lEBT, lECSI, lETO, lEO. IE1, IE2, IE4, lEW 


MBn 


MBO, MB1,MB15 



Table 13, 


Instruction Set Symbol Identifiers 


Symbol 


Description 


A 


A register (4-bit accumulator) 


B 


B register (4-bit accumulator) 


C 


C register (4-bit accumulator) 


D 


D register (4-bit accumulator) 


E 


E register (4-bit accumulator) 


H 


H register (4-bit accumulator) 


L 


L register (4-bit accumulator) 


X 


X register (4-bit accumulator) 


XA 


XA register pair (8-bit accumulator) 


BC 


BC register pair 


DE 


DE register pair 


HL 


HL register pair 


DL 


DL register pair 


PC 


Program counter 


SP 


stack pointer 


CY 


Carry flag (bit accumulator) 


PSW 


Program status word 


MBE 


Memory bani< enable flag 


PORTn 


Port 0-8 


IME 


Interrupt master enable flag 


lExxx 


Interrupt enable flag 


MBS 


Memory bank selection register 


PCC 


Processor clock control register 


Separation between address and bit 


(XX) 


Contents addressed by xx 


xxH 


Hexadecimal data 



Notes: 

(1) Only the 



even memory address is used in 8-bit data processing. 
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Table 14. Instruction Code Symbol 
reg,reg1 



R2 


Ri 


1 


Ro 




Register 

















A 




reg 










1 




X 




reg.regl 





1 









L 




reg.regl 





1 




1 




H 




reg.regl 


1 












E 




reg.regl 


1 







1 




D 




reg.regl 


1 


1 









C 




reg.regl 


1 


1 




1 




B 




reg.regl 


®rpa,@rpa1 


Q2 


Qi 


Qo 




Addressing 












1 




@HL 




@rpa 




1 










@DE 




@rpa,( 


@rpa1 


1 





1 




@DL 




@rpa,@rpa1 


Register Pairs 


P2 




P1 






reg-pair 


















XA 




rp 







1 






HL 




rp.rpi 


1 











DE 




rp,rp1.rp2 


1 




1 






BC 




rp,rp1.rp2 


lE'Xxx 


Ns 




N2 




Ni 




No 


lExxx 




















lEBT 












1 







lEW 







1 












lETO 







1 









1 


lECSI 







1 




1 







lEO 







1 




1 




1 


IE2 


1 

















IE4 


1 




1 




1 







IE1 



Tablets. Addressing Symbols 




Symbol 


Description 


Address 
Area 


*1 


MB=MBEAMBS (MBS=0. 1. 15) 


Data 


*2 


MB=0 


■ memory 


*3 


MBE=0: MB=0 (00H-7FH) 

MB = 15(80H-FFH) 
MBE = 1: MB = MBS (MBS=0. 1. 15) 




*4 


MB = 15, fmem = FBOH-FBFH . 
FFOH-FFFH 




*5 


MB=15, pmem = FCOH-FFFH 




*6 


addr=000H-1F7FH 


Program 


*7 


addr= (Current PC) -15 to (Current PC) -1 

(Current PC) +2 to (Current PC) +16 


■ memory 


*8 


caddr=OOOOH-OFFFH (PCi2 = 0) or 
1000H-1F7FH(PCi2=1) 




*9 


faddr=OOOOH-07FFH 




*10 


taddr=0020H-007FH 





Notes: 

(1) MB = Memory bank that can be addressed. 

(2) For symbol *2 (MB = 0. regardless of the status of MBE and 
MBS). 

(3) For symbol *4 and *5 (MB = 15, regardless of the status of MBE 
and MBS). 

(4) For symbol *6 through *10 Indicates each addressable area. 

(5) The addressing symbols are used in the "Addressing Area" 
column of the instruction set encodings. See table 16. 
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Table 16. Instruction Set Encodings 



Mnemonic Operand 



Operation 



Bytes 



l\/iachine 
Cycies 



Addressing 

Area Sl(ip Conditions 



Data Transfers 



MOV 



A, #n4 



A — n4 



reg1, #n4 



reg1 *- n4 



XA, #n8 



XA*-n8 



HL,#n8 



HL*-n8 



rp2, #n8 



rp2 ♦- n8 



A, @HL 



A-(HL) 



A, @rpa1 



A <- (rpa1) 



XA, @HL 



XA*-(HL) 



@HL,A 



(HL)-A 



@HL,XA 



(HL)*-XA 



A, mem 



A ♦- (mem) 



XA, mem 



XA ♦- (mem) 



mem, A 



(mem) *- A 



mem, XA 



(mem) — XA 



A, reg1 



A ♦- reg1 



XA, rp 



XA*-rp 



reg1, A 



regl *- A 



rp1,XA 



rp1 *-XA 



*2 



*3 



*3 



String A 



String A 



String B 



XCH 



A, @HL 



A^(HL) 



A, @rpa1 



A «^ (rpa1) 



XA, @HL 



XA«^(HL) 



A, mem 



A <->■ (mem) 



XA, mem 



XA «* (mem) 



A, regl 



A «• (regl) 



XA, rp 



XA«^ rp 



*3 



*3 



MOVT 


XA, @PCDE 


XA-(PCi2-8 + DE)rom 


1 


3 


- 


- - 




XA, @PCXA 


XA-(PCi2.8+XA)rom 


1 


3 


- 


- 


Arithmetic 


ADDS 


A, #n4 


A*-A+n4 


1 


1+S 


- 


Carry 




A, @HL 


A-A+(HL) 


1 


1+S 


*1 


Carry 


ADDC 


A, @HL 


A, CY-A+(HL) + CY 


1 


1 


*1 


- 


SUBS 


A,@HL 


A - A-(HL) 


1 


1+S 


*1 


Borrow 


SUBC 


A, @HL 


A, CY'H-A+(HL)-CY 


1 


1 


*1 




AND 


A, #n4 


A^AAn4 


2 


2 


- 






A, @HL 


A*-AA(HL) 


1 


1 


*1 




OR 


A, #n4 


A*-AVn4 


2 


2 


- 






A, @HL 


A-AV(HL) 


1 


1 


*1 




XOR 


A, #n4 


A*-A-V-n4 


2 


2 


- 






A, @HL 


A*-AA^(HL) 


1 


1 


*1 
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Table 16, Instruction Set Encodings (cont) 


Mnemonic Operand 


Operation 




Bytes 


Macliine 
Cycies 


Addressing 
Area 


Sldp Conditions 


Accumulator 


RORC A 


CY *- Ao, A3 *- CY. An.i - 


An 


1 


1 


- 


- 


NOT A 


A-A 




2 


2 


- 


- 


Increment/Decrement 


INCS reg 


reg*-reg+1 




1 


1+S 


- 


reg = 


@HL 


(HL)-(HL) + 1 




2 


2+S 


*1 


(HL) = 


mem 


(mem) *- (mem) + 1 




2 


2+S 


*3 


(mem) = 


DECS reg 


reg — reg-1 




1 


1+S 


- 


reg = FH 


Comparison 



SKE 



reg, #n4 


Skip if reg = n4 


2 


2+S 


- 


reg = n4 


@HL, #n4 


Skip if (HL) = n4 


2 


2+S 


*1 


(HL) = n4 


A, @HL 


Skip if A = (HL) 


1 


1+S 


*1 


A = (HL) 





A, reg 


Skip if A = reg 


2 


2+S 


- 


A = reg 


Flags 


SET1 


CY 


CY-1 


1 


1 


- 


- 


CLR1 


CY 


CY - 


1 


1 


- 


- 


SKT 


CY 


Skip if CY = 1 


1 


1+S 


- 


CY = 1 


N0T1 


CY 


CY-CY 


1 


1 


- 


- 


Memory Bits 



SET1 



mem.bit 



(mem.bit) *-1 



f mem. bit 



(fmem.bit) ♦- 1 



pmem.@L (pmem7.2+ — L3.2.bit (L-j.©)) — 1 



@H+ mem.bit (H+mema-o-bit) — 1 



*5 



CLR1 



mem.bit 



(mem.bit) ♦- 



fmem.bit 



(fmem.bit) *- 



pmem.@L (pmem7.2+L3.2.bit (L1.0)) *- 



^ + mem.bit (H+mem3.o.bit) ♦- 



*3 



*4 



*5 



SKT 



mem.bit 



Skip if (mem.bit) = 1 



2+S 



fmem.bit 



Skip if (fmem.bit) = 1 



2+S 



pmem.@L Skip If (pmem7.2+ L3.2.bit (L1.0)) = 1 



2+S 



@H + mem.blt Skip if (H+mem3.o.bit) = 1 



2+S 



*3 



M 



(mem.bit) =1 



(fmem.bit) =1 



(pmem.@L) = 1 



(@H+ mem.bit) =1 



SKF 



mem.bit 



Skip if (mem.bit) = 



2+S 



fmem.bit 



Skip if (fmem.bit) = 



2+S 



pmem.@L Skip If (pmem7.2+ L3.2.blt (L-|.o)) = 



2+S 



@H + mem.bit Skip if (H + mem3.o.blt) = 



2+S 



*3 



*4 



*5 



(mem.bit) =0 



(fmem.bit) =0 



(pmem.@L) =0 



(@H+ mem.bit) =0 



SKTCLR 



fmem.bit 



Skip If (fmem.bit) = 1 and clear 



2+S 



pmem.@L 



Skiplf (pmem7.2+ L3.2.bit (L1.0)) = 1 
and dear 



2+S 



@H + mem.bit Skip If (H + mem3.o.bit) = 1 and clear 



2+S 



*4 



(fmem.bit) =1 



(pmem.@L) =1 



(@H+ mem.bit) =1 
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Table 16. Instruction Set Encodings (cont) 



Mnemonic Operand 



Operation 



Bytes 



IVIaoliine Addressing 
Cycles Area SIcip Conditions 



Memory Bits (cont) 



AND1 



CY, fmem.bit CY *- qy A (fmem.bit) 



CY, 
pmem.@L 



CY *- CY A (pmem7.2+ L3.2.bit (L1.0)) 



CY, 



i+ mem. bit 



CY *- CY A (H + mem3.o.bit) 



*4 



*5 



0R1 



CY, fmem.bit CY - CY V (fmem.bit) 



CY, 
pmem.@L 



CY ^CY V (pmem7.2+ Us-a-bit (L1.0)) 



CY, 



H+ mem. bit 



CY*-CYV(H+mem3.o.bit) 



*4 



*5 



X0R1 



CY, fmem.bit CY ^ CY-V- (fmem.bit) 



CY, 
pmem.@L 



CY •H-CYA/-(pmem7.2 + L3.2.bit (L1.0)) 



CY, 
@H+mem.bit 



CY *- CY-V-(H + mem3.o.bit) 



*4 



BR 



addr PC-12.0 **" ^^Idr (appropriate instructions 

are selected from BR laddr, BRCB Icaddr, 
and BR $addr by the assembler) 



laddr 



BS 



PC12.0 **" ^d^r 



$addr 


PC12.0 -^addr 


1 


2 


*7 


- 


BRCB Icaddr 


PCii.o-caddrii.o 


2 


2 


*8 


- 


Subroutine 


CALL laddr 


(SP-1) - (PC7.4). (SP-2) - PC3-0 
(SP-3) ^ (MBE, 0, 0, PC12), 
(SP-4) *- PC11.8. PC12.0 *- addr, 
SP *- SP-4 


3 


3 


*6 




CALLF Ifaddr 


(SP-1) - PC7.4, (SP-2) - PC3.0 
(SP-3) *- (MBE, 0, 0, PC12), 
(SP-4) -PCii.8,SP- (SP-4), 
PC ^(00, A10.0) 


2 


2 


*9 





RET 




PC11.8 - (SP), (MBE, PC12) - (SP+1), 1 
PC3-0 *- (SP+2), PC7.4 - (SP+3), 
SP *- (SP+4) 


3 




RETS 


" 


PC11.8 - (SP), (MBE, PC12) - (SP + 1). 1 

PC3.0 (SP+2), PC7.4 - (SP+3) 

SP *- SP+4, then skip unconditionally 


3+S 


Unconditional 


RETI 


- 


PCii.8-(SP), PCi2-(SP + 1) 1 
PC3-0- (SP+2), PC7.4 (SP+3) 
PSWl *- (SP+4), PSWh *- (SP+6) 


3 


" 


PUSH 


rp 


(SP-1) (SP-2) -H- rp, SP *- SP-2 1 


1 


- 




BS 


(SP-1) - MBS, (SP-2) - 0, SP - SP-2 2 


> 2 


- 


POP 


rp 


rp *- (SP+1) (SP), SP *- SP+2 1 


1 


- 



MBS*- (SP+1), SP-^ SP+2 
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Table 16- 


Instruction Set Encodings (cont) 












Mnemonic 


Operand 


Operation 




Bytes 


Machine 
Cycles 


Addressing 
Area 


SIdp Conditions 


Interrupt 


El 


- 


IME *- 1 




2 


2 


- 


- 




lExxx 


lExxx-t- 1 




2 


2 


- 


- 


Di 


- 


iME*-o 




2 


2 


- 


- 




lExxx 


IExxx*-0 




2 


2 


- 


- 


Input/Output 


IN (Note 1) 


A, PORTn 


A*- PORTn (n = 0-8) 




2 


2 


- 


- 




XA, PORTn 


XA*- PORTn +1, PORTn (n = 


4.6) 


2 


2 


- 


- 


OUT 


PORTn, A 


PORTn -H- A (n = 2-8) 




2 


2 


- 


- 


(Note 1) 


PORTn, XA 


PORTn +1, PORTn *-XA(n = 


4.6) 


2 


2 


- 


- 


CPU Control 


HALT 


- 


Set HALT Mode (PCC.2 *- 1) 




2 


2 


- 


- 


STOP 


- 


Set STOP Mode (PCC.3-1) 




2 


2 


- 


- 


NOP 


- 


No Operation 




1 


1 


- 


- 


Miscellaneous 


SEL 


MBn 


MBS*-n(n = 0, 1,15) 




? 


2 


- 


- 



GETI 



taddr When (taddr)7.6 = 00; 

PC12-0 *- (taddr)4.o + (taddr+1) 

When (taddr)7.6 = 01; 
(SP-4) (SP-1) (SP-2) - PC11.0 
(SP-3) ^ (MBE, 0, 0, PC12) 
PC12.0 ^ Mdr)4.o + (taddr+1) 
SP = SP-4 

When (taddr)7.6 = 10; 
(taddr) (taddr+1) 
instruction is executed 



*10 



Depends on the 

referenced 

instruction 



Notes: 

(1) When executing an IN or OUT instruction, MBE = or MBE = 1 
and MBS = 15. 
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pPDTBOO Series: 

S=Bit, Generai'Purpose Microcomputers 

mPD78C1x/78C1xA/CG14/CP14 5-3 
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pPD78C1x/C1xA/CG14/CP14 

8-Bit CMOS Microcomputers 

Witii A/D Converter 



Description 

The family of single-chip microcomputers covered by 
this data sheet includes the following types: 

/iPD78C10 /iiPD78C10A /iPD78CG14 
/iPD78C11 /iPD78C11A /iPD78CP14 
/iPD78C14 /iPD78C12A 
/iPD78C14A 

These microcomputers integrate sophisticated on-chip 
peripheral functions normally provided by external 
components. Their internal 16-bit ALU and data paths, 
combined with a powerful instruction set and address- 
ing, mal<ethe devices appropriate in data processing as 
well as control applications. 

The devices integrate a 16-bit ALU, 4K-, 8K-, or 16K-byte 
ROM, 256-byte RAM, an eight channel A/D converter, a 
multifunction 16-bit timer/event counter, two 8-bit tim- 
ers, a USART, and two zero-cross detect inputs on a 
single die, allowing their use in fast, high-end process- 
ing applications. This involves analog signal interface 
and processing. 

The /iPD78Clx/C1xA/Cx14 family Includes: 4K-, 8K-, and 
16K-byte mask ROM devices, embedded with a custom 
customer program; ROMIess devices for use with up to 
64K-bytes of external memory; 16K-byte piggyback 
EPROM device for prototyping; 16K-byte EPROM or OTP 
ROM devices for prototyping and low-volume produc- 
tion. The /iPD78C11A/C12A/C14A also have mask op- 
tional pullup resistors available on ports A, B, and C. 

Features 

a CMOS technology 

— 25 mA operating current 
(78C10/C10A/C11/C11A/C12A) 

— 30 mA operating current (78C14/C14A) 

° Complete single-chip microcomputer 

— 16-bit ALU 

— 4K, 8K, or16Kx8ROM 

— 256-byte RAM 

n 44 I/O lines 

n Mask optional pullup resistors 

— Ports A, B, and C 

— iL/PD78C11A/C12A/C14A only 

D Two zero-cross detect inputs 
n Two 8-bit timers 



^ Expansion capabilities 

— 8085A-likebus 

— 60K-byte external memory address range 

° Eight-channel, 8-bit A/D converter 
— Autoscan mode 

— Channel select mode 

n Full-duplex USART 

— Synchronous and asynchronous 

° 159 instructions 

— 16-bit arithmetic, multiply, and divide 

— HALT and STOP instructions 

° 0.8-fis instruction cycle time (15-MHz operation) 

n Prioritized interrupt structure 
—Three external 

— Eight internal 

° Standby function 

° On-chip clock generator 

Ordering Information 



Part Number 



Package 



A/PD78C10CW 



64-pin plastic SDiP 



/iPD78C10G-36 



64-pin plastic QUIP 



/iPD78C10G-1B 



64-pin plastic QFP 
(Resin thickness 
2.05 mm) 



/iPD78C10GF-3BE 



64-pin plastic QFP 
(Resin thickness 
2.7 mm) 



/iPD78C10L 



68-pin PLCC 



JUPD78C10ACW 



64-pin plastic SDIP 



A/PD78C10AGF-3BE 



64-pin plastic QFP 



/iPD78C10AGQ-36 



64-pin plastic QUIP 



/iPD78C10AL 



68-pin PLCC 



/iPD78C11CW-xxx 



64-pin plastic SDIP 



AiPD78C11G-xxx-36 



64-pin plastic QUIP 



JUPD78C11G-XXX-1B 



64-pin plastic QFP 
(Resin thickness 
2.05 mm) 



/iPD78C11GF-xxx-3BE 



64-pin plastic QFP 
(Resin thickness 
2.7 mm) 



/iPD78C11L-xxx 



68-pin PLCC 



ROM 



ROMIess 



ROMIess 



4K mask ROM 
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Ordering Information (cont) 



Part Number 


Package 


ROM 


/iPD78C11ACW-xxx 


64-pln piastic SDIP 


4K mask ROM 


/iPD78C11AGF.xxx-3BE 


64-pin plastic QFP 




iuPD78C11AGQ-xxx-36 


64-pln plastic QUIP 




/iPD78C11AL-xxx 


68-pln PLCC 




//PD78C12ACW-XXX 


64-pln plastic SDIP 


8K mask ROM 


/iPD78C12AGF-xxx-3BE 


64-pln plastic QFP 




/iPD78C12AG-xxx-36 


64-pin plastic QUIP 




/iPD78C12AL-xxx 


68-pln PLCC 




/iPD78C14CW-xxx 


64-pin piastic SDIP 


16K mask 


/iPD78C14G-xxx-36 


64-pln plastic QUIP 


ROM 


/iPD78C14G-xxx-1B 


64-pln plastic QFP 
(Resin thickness 
2.05 mm) 




/iPD78C14GF-xxx-3BE 


64-pln plastic QFP 
(Resin thickness 
2.7 mm) 




//PD78C14L-XXX 


68-pin PLCC 




A/PD78C14AG-XXX-AB8 


64-pln plastic QFP 
(interpin pitch 
0.8 mm) 


16Kmask 
ROM 


/iPD78CG14E 


64-pin ceramic 
piggyback QUIP 


4/8/16K 

piggyback 

EPROM 


/[iPD78CP14CW 


64-pin plastic SDIP 


16K OTP ROM 


A/PD78CP14G-36 


64-pin plastic QUIP 




/iPD78CP14GF-3BE 


64-pln plastic QFP 




JL/PD78CP14L 


68-pln PLCC 




/iPD78CP14DW 


64-pln ceramic SDIP 
with window 


16KUV 
EPROM 


/iPD78CP14R 


64-pin ceramic QUIP 
with window 




Notes: 

(1) XXX indicates ROIVI code suffix, 





Pin Configurations 

64'Pin QUiP or SDIP (Piastic or Ceramic) 













PAoC 


1 ^ 


J 64 


3Vdd 


PAi C 


2 


63 


3 STOP 




PA2C 


3 


62 


3 PD7 




PA3C 


4 


61 


DPD6 




PA4C 


5 


60 


3PD5 




PA5E 


6 


59 


DPD4 




PAeE 


7 


58 


3 PD3 




PA7C 


8 


57 


3 PD2 




PBoC 


9 


56 


3 PDi 




PBi C 


10 


55 


3 PDo 




PB2 C 


11 


54 


3 PF7 




PB3 C 


12 


53 


3 PF6 




PB4 C 


13 


52 


DPF5 




PB5 C 


14 


51 


DPF4 




PBeC 


15 


50 


DPF3 




PB7C 


16 


49 


DPF2 




PCo/TxD C 


17 


48 


DPF1 




PCi/RxD C 


18 


47 


3 PFo 




PC2 /SCK C 


19 


46 


DALE 




PC3/ri/INT2E 


20 


45 


3 WR 




PC4/TOE 


21 


44 


DRD 




PCs /CI C 


22 


43 


DAVdd 




PCs /GOO C 


23 


42 


3 AVaref 




PG7/COI C 


24 


41 


D AN7 




NMI E 


25 


40 


H AN6 




INT1 E 


26 


39 


D AN5 




MODE1 E 


27 


38 


1 AN4 




RESET E 


28 


37 


D AN3 




MODEO E 


29 


36 


D AN2 




X2E 


30 


35 


3ANi 




X1 E 


31 


34 


H ANo 




vss i: 


32 


33 


3 AVss 


83ML-6178A 
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64-Pin Plastic QFP 



iSSii^iii^iUislhti 






nnnnnnnnnnnnnnnnnnn 








SS^^j-jg-^^^^i^^gggS^^JSgj 




PD3 c 


52 32 D AN4 




PD4 c 


53 31 


3 AN3 




PD5 c 


54 30 


H AN2 




PD6 C 


55 29 


3 AN1 




PD7 c 


56 28 


3 AND 




STOP C 


57 27 


3 AVss 




VddC 


58 26 


:i vss 




PAo C 


59 25 3 XI 




PAi C 


60 24 


3 X2 




PA2 c 
PA3 c 


61 23 

62 22 


D MODEO 




D RESET 


PA4 c 


63 21 


H MODE1 




PAsC 


64 20 

T-CVJCO'*U><Or«.0OO>'»-T-.r-t-T-*-T-T-T-T- 


3 INT1 






uuuuuuuuuuuuuuuuuuu 




S S fl. I'^ Q. g 




ol 


83ML-6180B 
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64'Pin Ceramic Piggyback QUiP 















PAoC 


1 


KJ 


64 


:3Vdd 


PAiC 


2 






63 


3 STOP 


PA2C 


3 


r-i^ 


r-1 


62 


DPD7 


PA3C 


4 \ 


^'DD^J)! ^'28(;)Vdc 


61 


DPD6 


PA4C 


5 


1 


1 


60 


IPD5 


PA5C 


6 


Ai2(J)2 


27(J>Vss59 


DPD4 


PAeC 


7 


1 


1 


58 


IPD3 


PA7C 


8 


^^i}^ 


26C[)Ai3 


57 


DPD2 


PBoC 


9 


1 


1 


56 


DPDi 


PBiC 


10 


A6^4 


25(J>A8 


55 


DPDo 


PB2C 


11 




1 


54 


DPF7 


PB3C 


12 


A5<!>5 


24<;>A9 


53 


1PF6 


PB4C 


13 


1 


1 


52 


DPF5 


PB5C 


14 


A4(J)6 


23([)Aii 


51 


DPF4 


PBeC 


15 


i 


1 


50 


DPF3 


PB7C 


16 


A3^7 


22^Vss 


49 


DPF2 


PCo/TxDC 


17 


1 


1 


48 


DPF1 


PCi/RxD C 


18 


A2^8 


21<J>Aio 


47 


3 PFo 


PC2/SCK c 


19 


1 


1 


46 


3 ALE 


pcyiNfra C 


20 


Ai<>9 


20(J>CE 


45 


IWR 


PC4n-o C 


21 


1 


1 


44 


DRD 


PC5/C1C 


22 


Ao<J>10 


19([)l7 


43 


1 AVdd 


PC6/CO0 C 


23 


1 


1 


42 


=1 Varef 


PC7/CO1 C 


24 


io<!>ii 


18(1)16 


41 


IAN7 


NMIE 


25 


1 


1 


40 


3AN6 


INT1 C 


26 


llC>12 


i7(;>i5 


39 


3AN5 


MODE1 C 


27 


1 


1 


38 


DAN4 


RESET C 


28 


,2(1)13 


16Cj>l4 


37 


IAN3 


MODEOC 


29 


1 


1 


36 


DAN2 


X2C 


30 


>'SS<I>1'' 


1S(>|3 


35 


DANi 


xiC 


31 


L... 


...1 


34 


lANo 


vssc: 


32 






33 


IDavss 












83R0-6942A 
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68-Pin PLCC 



CDIO^COCsJt-oQO r^COlO'd-COCM 






nnnnnnnnnnnnnnnnn 








oioor^cDiO'tcocNjT-corx.coiO'teocMT- 

CDCDCDCOCDCDCDCD 




PAy C 


10 Q 60 


1 PDi 




PBo C 


11 59 


J PDo 




PBi E 


12 58 


U PF7 




PB2 C 


13 57 


3 PF6 




PB3 c 


14 56 


3 PF5 




PB4d 


15 55 


3 PF4 




PB5 C 


16 54 


3 PF3 




PBe C 


17 53 


D PF2 




PB7 C 


18 52 


H PF1 




PCq/TxD C 


19 51 


H PFo 




PCi/RxD C 


20 50 


3 ALE 




PC2/SCK C 


21 49 


3 WR 




PC3nri/INT2 C 


22 48 


1 RD 




IC C 


23 47 


3 AVdd 




PC4/TO C 


24 46 


H IC 




PC5/CI c 


25 45 


3 VareF 




PC6/CO0 C 


26 44 
eMeMScoweoeocococ5coeoM^5--«j-'st 


D AN7 






uuuuuuuuuuuuuuuuu 
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Pin Identification 



Symbol 


Function 


ALE 


Address latch enable output 


AN0-AN7 


A/D converter analog inputs 0-7 


INT1 


Interrupt request 1 input 


MODEO 


Mode Input; I/O memory output 


M0DE1 


Mode 1 Input 


NMi 


Nonmaskable interrupt input 


PA0-PA7 


Port A I/O 


PB0-PB7 


Port B I/O 


PCo/TxD 


Port I/O line 0; transmit data output 


PCi/RxD 


Port C I/O line 1; receive data input 


PC2/6CK 


Port C I/O line 2; serial clock I/O 


PC3/TI/INT2 


Port I/O line 3; timer input; interrupt request 2 
input 


PC4/TO 


Port C I/O line 4; timer output 


PC5/CI 


Port C I/O line 5; counter input 


PCe. PC7/ 
CO0.CO1 


Port I/O lines 6, 7; counter outputs 0, 1 


PD0-PD7 


Port D I/O; expansion memory address, data 
bus (bits AD0-AD7) 


PF0-PF7 


Port F I/O; expansion memory address, 
(bitsABs-ABis) 


RD 


Read strobe output 


RESET 


Reset input 


STOP 


Stop mode control input 


Varef 


A/D converter reference voltage 


WR 


Write strobe output 


X1,X2 


Crystal connections 1,2 


AVdd 


A/D converter power supply voltage 


AVss 


A/D converter power supply ground 


Vdd 


5 V power supply 


Vss 


Ground 


IC 


Internal connection 



Pin Identification 

MPD78CG14E Upper EPROM Pins 



Symbol 


Pin 


Function 


A0-A13 


2-10, 21 
23-26 


14-bit program counter (PC0-PC13) output used 
as 27C256/27C256A address signals 


Ce 


20 


Chip enable signal for 27C256/27C256A; high- 
level output (during STOP or HALT), otherwise, 
low-level output 


l0-"7 


11-13 
15-19 


8-blt input of data read from 27C256/27C256A 


Vdd 


1 


Same potential as lower Vqd pin; Vqc power 
supply line (Vpp) for 27C256/27C256A 


Vdd 


28 


Same potential as lower Wqq pin; Vcc power 
supply line (Vcc) for 27C256/27C256A 


Vss 


14 


Same potential as lower Vss P'l connected to 
the 27C256/27C256A GND pin 


Vss 


22 


Same potential as lower Vss P'^; ^ signal 
(always low) input to 27C256/27C256A 


Vss 


27 


Same potential as lower Vss P'm A14 signal 
(always low) input to 27C256/27C256A 
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PIN FUNCTIONS 

ALE (Address Latch Enable) 

The ALE output is used to latch the address of PD0-PD7 
into an external latch. 

AN0-AN7 (Analog Inputs) 

These are the eight analog inputs to the A/D converter 
AN4-AN7 can also be used as a digital input for falling 
edge detection. 

CI (Counter Input) 

External pulse input to timer/event counter. 

COq, CO1 (Counter Outputs) 

Programmable waveform outputs based on timer/event 
counter 

INT1 (Interrupt Request 1) 

INTI is a rising edge triggered, maskable interrupt input. 
It is also an ac-input, zero-cross detection terminal. 

If the optional pullup resistor is specified for this pin on 
the MPD78C11A/C12A/C14A, the zero-cross detection 
circuitry will not function. 



INT2 (Interrupt Request 2) 

INT2 is a falling edge triggered, maskable interrupt 
input. It is also an ac-input, zero-cross detection termi- 
nal. 

MODEO, M0DE1 (Mode 0, 1) 

The MODEO and M0DE1 inputs select tlie amount of 
external memory. MODEO outputs the 10 signal, and 
M0DE1 outputs the M1 signal. An external pullup resis- 
tor to Vdd is required if the input is to be a logic high. 

The value of this pullup resistor, R, is dependent on tcvc 
and is calculated as follows: R in KQ is 4 < R < 0.4 tcvc 
where tcvc 'S in ns units. 

NMI (Nonmaskable Interrupt) 

Falling edge, Schmitt triggered nonmaskable interrupt 
Input. 



PA0-PA7 (Port A) 

Port A Is an 8-bit three-state port. Each bit is indepen- 
dently programmable as either input or output. Reset 
makes all lines of port A inputs. Mask optional pullup 
resistors are available on the i[iPD78Cl1 A/C12A/C14A. 

PB0-PB7 (Port B) 

Port B is an 8-bit three-state port. Each bit Is Indepen- 
dently programmable as either input or output. Reset 
makes all lines of port B inputs. Mask optional pullup 
resistors are available on the /XPD78C11A/C12A/G14A. 

PC0-PC7 (Port C) 

Port G is an 8-bit three-state port. Each bit is indepen- 
dently programmable as either input or output. Alterna- 
tively, the lines of port C can be used as control lines for 
the USART, interrupts, and timer. Reset makes all lines of 
port inputs. Mask optional pullup resistors are avail- 
able on the iiiPD78Cl1A/Gl2A/C14A. 

PD0-PD7 (Port D) 

Port D is an 8-bit three-state port. It can be programmed 
as either 8 bits of input or 8 bits of output. When external 
expansion memory is used, port D acts as the multi- 
plexed address/data bus. 

PF0-PF7 (Port F) 

Port F is an 8-bit three-state port. Each bit is indepen- 
dently programmable as either input or output. When 
external expansion memory is used, port F outputs the 
high-order address bits. 

RD (Read Strobe) 

The three-state RD output goes low to gate data from 
external devices onto the data bus. RD goes high during 
reset. 



RESET (Reset) 

When the Schmitt-triggered RESET input is brought low, 
it initializes the device. 
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RxD (Receive Data) 

Ssrla! dsitsi ip.piit tormina!. 

SGK (Serial Clock) 

Output for the serial clock when internal clocl< is used, 
input for serial clocl< when external clock is used. 



STOP (STOP Mode Control Input) 



A low-level input on STOP (Schmitt-triggered input) 
stops the system clock oscillator. 

Tl (Timer Input) 

Timer input terminal. 

TO (Timer Output) 

The output of TO is a square wave with a frequency 
determined by the timer/counter. 

TxD (Transmit Data) 

Serial data output terminal. 

Varef (A/D Converter Reference) 

Varef sets the upper limit for the A/D conversion range. 



WR (Write Strobe) 

The three-stats WR output goes lov» to indicate that the 
data bus holds valid data. It is a strobe signal for 
external memory or I/O write operations. WR goes high 
during reset. 

X1, X2 (Crystal Connections) 

XI and X2 are the system clock crystal oscillator termi- 
nals. X1 is the input for an external clock. 

AVdd (A/D Converter Power) 

This is the power supply voltage for the A/D converter. 

AVss (A/D Converter Power Ground) 

AVss is the ground potential for the A/D converter power 
supply 

Vdd (Power Supply) 

Vdd is the +5-volt power supply 

Vss (Ground) 

Ground potential. 
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Block Diagram 





Clock 
Generator 







PCi/RxD 

PC2/SCK-^- 



NMI- 
INT1- 

AN4-AN7 



rP 



PC3/ 
TI/INT2-i- 
PC4/T0^ 



PCs /CI— 
PC6/CO0 -^ 
PC7/C01^ 



AN7-AN0I 



Interrupt 
Control 






Timer 



<s 



Timer/Event 
Counter 



> 



CO 



^ 



varef > 

AVDD ► 

AVCC 

AVSS ^ 



A/D 
Converter 



CO 




PB7-PB0 



PA7-PA0 



Read/Write Control 



Note: 

1. On-ChipROM 
78C10/C10A :0 
78C11/C11A : 4096 Bytes 
78C12A : 8192 Bytes 

78C14/C14A : 16384 Bytes 
78CP1 4 : 1 6384 Bytes EPROM/OTP ROM 



System Control 



] — I I — J — T 



Standby Control 



RD 



ALE M0DE1 MODEO RESET 



"it t 

VPD VCC VSS 
(STOP) (Vdd) 



FUNCTIONAL DESCRIPTION 

Memory Map 

The /aPD78C1x/C1xA/Cx14 family can directly address 
up to 64K bytes of memory Except for the on-chip ROM 
(or PROM) and RAM (FFOOH-FFFFH), any memory loca- 
tion can be used as ROM or RAM. The memory map, 
figure 1 , defines the to 64K-byte memory space for the 
/[iPD78G1x/C1xA/Cx14 family 



The iLiPD78CG14 and the iaPD78GP14 can be pro- 
grammed In software to have 4K, 8K, or 16K bytes of 
internal program memory This programming Is trans- 
parent to the ROM-based device, allowing easy transfer 
of code to a ROM-based device. 

Input/Output 

The /4PD78C1x/C1xA/Cx14 family has 44 digital I/O lines, 
five 8-bit ports (ports A, B, C, D, F), and four digital input 
lines (AN4-AN7). 
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Analog Input Lines. AN0-AN7 are configured as analog 
input lines for the on-chip A/D converter Lines AN4-AN7 
can be used as digital Input lines for falling edge detec- 
tion. 

Port A, Port B, Port C, Port F. Each line of these ports 
can be individually programmed as an input or output 
When used as I/O ports, all have latched outputs and 
high-impedance inputs. OntheiaPD78Cl1A/Cl2A/Cl4A, 
mask optional pullup resistors are available for ports A, 
B, and C. 

Port D. Port D can be programmed as a byte input or a 
byteoutput. 

Control Lines. Under software control, each line of port 
C can be configured individually as a control line for the 
serial interface, timer, and timer/counter or as an J/0 
port. 

Memory Expansion, in addition to the single-chip oper- 
ation mode, the iitPD78Clx/GlxA/Cx14 family has four 
memory expansion modes. Under spftvyare control, port 
D can provide a multiplexed low-order address and data 
bus; port F can provide a high-order address bus. Table 
1 shows the relation between memory expansion modes 
and the pin configurations of port D and port R 

Tabte I. Memory Expansion Modes and Port 
ContigfiJiraUons 



Timers 

The two 8-bit timers may be programmed independently 
or cascaded as a 16-bit timer. The timer can be software 
set to increment at intervals of four machine cycles 
(0.8 /as at 15-MHz operation) or 128 machine cycles 
(25.6 ^s at 15-MHz), or to increment on receipt of a pulse 
at Tl. Figure 2 is the block diagram for the timer 

Timer/Event Counter 

The 16-bit multifunctional timer/event counter (figure 3) 
can be used for the following operations: 

• Interval timer 

• External event counter 

• Frequency measurement 

• Pulse width measurement 

• Programmable frequency and duty cycle waveform 
output 

• Single pulse output 

8-Bit A/D Converter 



Memory Expansion 


Port 


Port Configuration 




None 


Port D 


I/O port 




Port F 


I/O f?ort 




256 bytes 


PortD 


Multiplexed address/ 
data bus 






Port F 


I/O port 




4K bytes 


Port D 


Multiplexed address/ 
data bus 






Port F (PF0-PF3) 


Address bus 






Port F (PF4-PF7) 


I/O port 




16K bytes 


PortD 


Multiplexed address/ 
dait^ bus 






Port F (PF0-PF5) 


Address bus 






Port F (PF6-PF7) 


I/O port 




60K bytes 


PortD 


Multiplexed address/ 
data bus 






Port F 


Address bus 





8 input channels 

4 conversion result registers 

2 powerful operation modes 

-- Autoscan mode 

— Channel select mode 

Successive approximation technique 

Absolute accuracy: 0.6% FSR ± 1/2 LSB 

Conversion range: to 5 V 

Conversion time: 38.4 /Dts 

Interrupt generation 
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F^urel. Memory Map 



u 


Internal Program Memory 
4.096 Bytes :78C11/C11 A 

8192Byte8:78C12A v 
1 6.384 Bytes : 78C1 4/C1 4A/ ^ 
CG14/CP14 
(External Memory on 78C10/C10A) 







Reset/Standby Release 




4 
8 

\ 10H 

: \ ^®" 

\ 20H 
\ 28H 






IRQO 


5 






IRQ1 


OFFFH 




1000H 


External 

Memory 

; 61.184 Bytes :78C11/C11 A 5 

57,088 Bytes :78C12A 

48,896 Bytes : 78C14/C14A/ 

CG14/CP14 




IRQ2 






^ 


IRQ3 








IRQ4 


FEFFH 




FFOOH 


Internal RAM 
256 Bytes X 8 




IRQ5 


FFFFH 


^ > 








\ 60H 


Soft INT 




J N 




\ Call Table - 


80H 
81 H 
82H 
83H 

BEH 
BFH 
COH 

> 


LowADDR 




High ADDR 




LowADDR 




High ADDR 




5 5 




Low ADDR 




High ADDR 




i User's Area 5 



t = 
Lt=1 



}■ 
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Figure 2. Timer Block Diagram 
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Figure 3. Block Diagram lor tlte Timer/Event Counter 
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7^ 
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7\ 



Timer/Event 

Counter Register 

(ETMO) 



Tv 



Mode 
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(ETMM.EOM) 



It 



Output 
Control 



-l>-^ 

•^ PC7/C01 



-*-CP 



EIN 



Edge Detect 



Interrupt 
Control 



"*CPo 
-►INTEO 



-*► INTEIN 



0l2=f xtal X 1/12 

f xtal: Input Crystal frequency 



Analog/Digital Converter 

The /iPD78C1x/C1xA/Cx14 family features an 8-bit, inigh- 
speed, high accuracy A/D converter. The A/D converter 
is made up of a 256-resistor ladder and a successive 
approximation register (SAR). There are four conversion 
result registers (CR0-CR3). 

The eight-Channel analog input may be operated In 
either of two modes. In the select mode, the conversion 
value of one analog input is sequentially stored In CRO- 
CR3. In the scan mode, either the upper four channels or 
the lower four channels may be specified. Then those 



four channels will be consecutively selected and the 
conversion results stored sequentially in the four conver- 
sion result registers. 

Figure 4 is the block diagram for the A/D converter. To 
stop the operation of the A/D converter and thus reduce 
power consumption, set Vare f = V. 

Interrupt Structure 

There are 12 interrupt sources in the /iPD78C1x/C1xA/ 
Cx14 family of chips. Three are external interrupts and 
nine are internal. Table 2 shows 11 interrupt sources 
divided into seven priority levels where IRQO is the 
highest and IRQ6 is the lowest. See figure 5. 
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Figure 4, A/D Converter Block Disgram 
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Figure 5. Interrupt Structure Block Diagram 
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Standby Functions 

The iaPD78C1x/C1xA/Cx14 family has two standby 
modes: HALT and STOP. The HALT mode reduces power 
consumption to 50% of normal operating requirements, 
while maintaining the contents of on-chip registers, 
RAM, and control status. The system clock and on-board 
peripherals continue to operate, but the CPU stops 
executing instructions. The HALT mode is initiated by 
executing the HLT instruction. The HALT mode ca n be 
released by any nonmasked interrupt or by RESET. 

The STOP mode reduces power consumption to less 
than 0.1% of normal operating requirements. There are 
two STOP modes: type A and type B. 

Type A is initiated by executing a STOP instruction. If 
Vdd is held above 2.5 V, the on-board RAM is saved. The 
oscillator is sto pped . T he STOP mode can be released 
by an input on NMI or RESET. The user can program 
oscillator stabilization time up to 52.4 ms via timer 1. By 
checking the standby flag (SB), the user can determine 
whether the processor has been in the standby mode or 
has been powered up. 



Type B is Initiated by inputting a low level on the STOP 
input. The RAM contents are saved if Vqd is held above 
2.5 V. The oscillator Is stopped. The STOP mode is 



Table 2, Interrupt Sources 



released by raising STOP to a high level. The os cillator 
stabilization time is fixed at 52.4 ms; 52.4 ms after STOP 
is raised, instruction execution will automatically begin 
at locati on 0. Yo u can increase the stabilization time by 
holding RESET low for the required time period. 

Universal Serial Interface 

The serial interface can operate in one of three modes: 
synchronous, asynchronous, and I/O interface. The I/O 
interface mode transfers data MSB first, for easy inter- 
facing to certain NEC peripheral devices. Synchronous 
and asynchronous modes transfer data LSB first. Syn- 
chronous operation offers two modes of data reception: 
search and nonsearch. In the search mode, data is 
transferred one bit at a time from the serial register to the 
receive buffer. This allows a software search for a sync 
character. In the nonsearch mode, data transfer from the 
serial register to the transmit buffer occurs eight bits at 
a time. Figure 6 shows the universal serial interface block 
diagram. 

Zero-Crossing Detector 

The INT1 and INT2 terminals (used common to Tl and 
PC3) can detect the zero-crossing point of low-frequency 
AC signals. When driven directly, these pins respond as 
a normal digital Input. Figure 7 shows the zero-crossing 
detection circuitry 



Interrupt Request 


interrupt Address 


Type of Interrupt 


Internal/External 


IRQO 


4 


FImT (Nonmaskable interrupt) 


External 


IRQ1 


8 


INTTO, INTT1 (Coincidence signals from timers 
0.1) 


Internal 


IRQ2 


16 


INT1, INT2 (Maskable interrupts) 


External 


IRQ3 


24 


INTEO, INTE1 (Coincidence signals from timer/ 
event counter) 


Internal 


IRQ4 


32 


INTEIN (Falling signal of CI or TO Into the timer/ 
event counter) 


Internal or External 




INTAD (A/D converter interrupt) 


Internal 


IRQ5 


40 


INTSR (Serial receive Interrupt) 


Internal 




INST (Serial send interrupt) 




IRQ6 


96 


SOFTI instruction 


Internal 
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Figure 6. Universal Serial inierface Block 
Disgram 
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Figure 7. Zero-Crossing Detection Circuit 



internal 
Signal 




AC Input 1 1— 

1HF 



INT1 

or 

INT2 



-i>H>— 



Output 



^ 



5-18 



NEC 



pPD78C1x/C1xA/CG14/CP14 



The zero-crossing detection capability allows you to 
make the 50-60 Hz power signal the basis for system 
timing and to control voltage phase-sensitive devices. 

To use the zero-cross detection mode, an AC signal of 
1.0 to 1.8 V (peak-to-peak) and a maximum frequency of 
1 kHz is coupl ed through an external capacitor to the 
INT1 and INT2 pins. 

For the INTI pin, the internal digital state is sensed as a 
until the rising edge crosses the average DC level, 
when it becomes a 1 and an INT1 interrupt is generated. 

For the INT2 pin, the state is sensed as a 1 until the 
falling edge cro sses the average DC level, when it 
becomes a and INT2 is generated. 

ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

Ta = 25°C 



Power supply voltage, Vdd 


-0.5 to +7.0 V 


Power supply voltage, AVqd 


AVss to Vdd +0-5 V 


Power supply voltage, AVss 


-0.5 to +0.5V 


Power supply voltage, Vpp (|»PD78CP14 only) 


-0.5 to +13.5 


Input voltage, V| 


-0.5 to Vdd + . 5 V 


STOP pin (jiiPD78CP14 only) 


-0.5to+ 13.5 V 


Output voltage, Vq 


-0.5 to Vdd + . 5 V 


Output current, low; Iql 
Each output pin 
Total 


4.0 mA 
100 mA 


Output current, high; Iqh 
Each output pin 
Total 


-2.0 mA 
-50 mA 


Reference input voltage, VAref 


-0.5toAVDD +0.3 V 


Operating temperature, Tqpr 
fxTAL^ 15 MHz 


-40 to +85°C 


Storage temperature, Tstg 


-65 to +150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 



Capacitance 

Ta = 25«C;Vdd = Vss = 0V 








Parameter Symbol 


Max 


Unit 


Conditions 


Input capacitance C| 


10 


PF 


fc = 1 MHz; 


Output capacitance Cq 


20 


PF 


unmeasured pins 
. returned to OV 


I/O capacitance Qo 


20 


pF 
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Oscillation Characteristics 

Ta = -40 to H-SS^'C; VpD = AVdd = 5V ± 10% (±5% |*PD78CP14); 
Vss = AVss = OV; Vdd-0.8 V ^ AVnn ^ Vrq: 3.4 V ^ Varef ^ AVqd 



Resonator 


Recommended 
Circuit 


Parameter 


Min 


Typ 


IVIax 


Unit 


Conditions 


Ceramlc resonator 
(Notel)orXTAL 
(Note 2) 


(Note 3) 


Oscillation frequency (fxx) 


4 
5.8 




15 
15 


MHz 
MHz 


A/D converter not used 
A/D converter used 




6 




15 


MHz 


jttPD78CP14 only 



External clock 



(Note 4) 



XI input frequency (fx) 



15 



MHz 



A/D converter not used 



5.8 



15 



MHz 



A/D converter used 



15 



MHz ittPD78CP14 only 



XI input, rise, fall time (tr, tf) 



20 



X-j Input low- and high-level 
width (t0L. t0H) 



20 



250 



20 



167 



jttPD78CP14 



Notes: 

(1) Refer to the Resonator and Capacitance Requirements table for 
the recommended ceramic resonators. 

(2) For XTAL, the following external capacitances are recom- 
mended: CI = 02 = 10 pF 

(3) For XTAL, see the Recommended XTAL or Ceramic Resonator 
Oscillation Circuit Diagram. 



(4) See the following recommended external clock diagram. 

When using an external crystal, it should be a parallel-resonant, 
fundamental mode, "AT cut' crystal. Capacitors CI and 02 are 
required for frequency stability. The values of 01 and 02 (01 = 
02) can be calculated from the load capacitance (CJ, specified 
by the crystal manufacturer: 



= Clx02 
01 + 02 



+ 0s 



Where Os is any stray capacitance in parallel with the crystal such as 
the ittPD78ClO, jaPD78011, or jiiPD78Cl4 input capacitance between 
XI and X2. 
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Recommended XTAL or Ceramic Resonator 
Oscillation Circuit Diagram 



Recommended External Cioclc Qiagram 



X 
X 



01 



C2 



r 

1 



I 



X1 



X2 



External oscillation circuit should be as close to the 
X1 and X2 pins as possible. 

Do not place other signal lines In the shaded area. 



c->>- 



HCMOS 
Inverters 



Resonator and Capacitance Requirements 

Ta = -40 to +85°C 



Manufacturer 



Product Number 



C1,C2(pF) 



Conditions 



Murata 



CSA15.0MX3 


22 


CSA10.0MT 


30 


CST10.0MT 


Not required 


CSA6.00MG 


30 


CST6.00MG 


Not required 


GSA12.0MT 


30 


GST12.0MT 


Not required 


GSA15.00MX001 


15 


GSA7.37MT 


30 



GST7.37MT 



Not required 



jttPD78Gl0, 78G11,78G14, 
78G14A, 78CG14 



Applies to all jnPD78Glx/GlxA/GG14 



jiiPD78G10A/78Gl 1 A/78G12A 



TDK 



FGR12.0MG 



Not required 



jiiPD78G10/78G11/78G14/ 
78G14A/78CG14 
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DC Characteristics 

Ta = -40' to +85*'C; Vdd = 


+5.0 V ±10%; 


; Vqd = +5.0 V ± 5% (juPD78C14 o 


nly); Vss = 


OV 


Parameter 


SymboS 


M!r 


Typ 


Max 


'Jr.it 


CcntSStions 


Input voltage, low 


V|L1 







0.8 


V 


All except Note 1 inputs 




V|L2 







0.2 Vdd 


V 


Note 1 inputs 


Input voltage, high 


V|H1 


2.2 




Vdd 


V 


All except XI, X2, and Note 1 inputs 




V|H2 


0.8 Vdd 




Vdd 


V 


XI, X2, and Note 1 inputs 


Output voltage, low 


Vol 






0.45 


V 


l0L = 2.0 mA 


Output voltage, high 


VOH 


Vdd-1-0 






V 


Iqh = 1.0 mA 




Vdd-0.5 






V 


IOH = -100iaA 


Data retention voltage 


VddDR 


2.5 






V 


STOP mode 


Input current 


in 






±200 


mA 


INT1 (Note 2); Tl (PC3) (Note 3); V :s V, :S 
Vdd 


Input current 
(iuPD78CGl4 only) 


l|2 






±200 


mA 


INT1 (Note 2); Tl (PC3) (Note 3); V ^ V, rs 
Vdd 


Input current 
(jttPD78CG14 only) 


l|3 






-300 


^A 


lo-l7 (upper Input pin); V| = 


Input leakage current 


Ili 






±10 


mA 


All except INT1, Tl (PC3), V s V, ^ Vdd 


Output leakage current 


Ilo 






±10 


mA 


OV^ Vq^s Vdd 


AVqd supply current 


aIddi 




0.5 


1.3 


mA 


f = 15 MHz 




AIdD2 




10 


20 


^A 


STOP mode 



Vdd supply current 



•ddi 



13 



25 



mA 



Normal operation; f = 15 MHz; 
(^PD78C10/C10A/C11/C11A/C12A only) 



IdD2 



13 



mA 



HALT mode; f = 15 MHz; 
(jiiPD78ClO/C10A/C11/C11A/C12A only) 



Idd3 



16 



30 



mA 



Normal operation; f = 15 MHz 
(jaPD78Gl4/C14A/CG14) 



32 



mA 



Normal operation; f = 
(ittPD78CP14only) 



15 MHz; 



bos 



15 



mA 



HALT mode; f = 15 MHz; 
(|[tPD78C14/C14A/CGl4/CP14 only) 



Data retention current 



'DDDR 



1 


15 


mA 


Vdddr = 2.5 V (Note 4) 




300 




(|ttPD78CP14 only-Note 4) 


10 


50 


fxA 


Vdddr = 5.0 V ±10% (Note 4) 



mA 



(|ttPD78CP14 only-Note 4) 



Pullup resistor 



17 



27 



75 



KQ 



Port A, B, 0; 3.5V ^ Vdd ^ 5.5 V; V| = OV 
(i[iPD78C11A/C12A/Cl4A only) 



Notes: 

(1) Inputs RESET. STOP, NMI, SCK, INTP1, Tl, and AN4-AN7. 

(2) Assuming ZCM register is set to self-bias. 

(3) Assuming ZCM register is set to self-bias and the MCC register is 
set to control mode. 



(4) Hardware/software STOP mode and assuming ZCM register is 
set to self-bias not selected. 
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Serial Operation 


Parameter 


Symbol 


MIn 


Max 


Unit 


Conditions 


SCK cycle time 


tCYK 


0.8 




jttS 


S^ input (Notes 1,3) 






0.4 




jtlS 


SCR input (Note 2) 






1.6 




jOS 


SCK output (Note 3) 


roR width low 


kKL 


335 




ns 


SCK input (Notes 1,3) 






160 




ns 


SCK input (Note 2) 






700 




ns 


SCR output (Note 3) 


SCK width high 


*KKH 


335 




ns 


SCK input (Notes 1.3) 






160 




ns 


SCR input (Note 2) 






700 




ns 


SCK output (Note 3) 


RxD setup time to SCK T 


*RXK 


80 




ns 


(Note 1) 


RxD hold time after SCK T 


^RX 


80 




ns 


(Note 1) 


SCK 4 TxD delay time 


^KTX 




210 


ns 


(Note 1) 



Notes: 

(1) 1 X baud rate in synchronous or I/O Interface mode. 

(2) 16 X baud rate or 64 x baud rate in asynchronous mode. 

Zero-Cross Characteristics 



fxTAL= 15 MHz. 



Parameter 




Symbol 


MIn 


Max 


Unit 


Condition 


Zero-cross detection Input 




Vzx 


1 


1.8 


VAC^p 


AC coupled 60 Hz sine wave 


Zero-cross accuracy 




Azx 




±135 


mV 




Zero-cross detection input frequency 




fzx 


0.05 


1 


kHz 




AC Characteristics (cont) 

Ta = -40° to +85°C; Vpo = AVqd = 


+5.0V±10%(±5% 


on )[tPD78CP14); Vss = OV 






Parameter 


Symbol 


MIn 


Max 


Unit 


Conditions 


RESET pulse width high, low 


*RSH»^RSL 


10 




jas 




NMI pulse width high, low 


^NIH. ^NIH 


10 




fXS 




XI input cycle time 


tCYC 




66 


250 


ns 








167 


ns 


(Note 1) 


Address setup to ALE i 


tAL 




30 




ns 


(Notes 2, 3) 


Address hold to ALE i 


tuv 




35 




ns 


(Notes 2, 3) 


Address to RD i delay time 


tAR 




100 




ns 


(Notes 2, 3) 


RD 4 to address floating 


Wr 






20 ^ 


ns 


(Note 2) 


Address to data input 


tAD 






250 


ns 


(Notes 2, 3) 


ALE i to data Input 


*ldr 






135 


ns 


(Notes 2, 3) 


RD i to data input 


tRD 






120 


ns 


(Notes 2, 3) 


ALE i to RD i delay time 


tLR 




15 




ns 


(Notes 2, 3) 


Data hold time RD t 


tRDH 









ns 


(Note 2) 


RD T to ALE T delay time 


tRL 




80 




ns 


(Notes 2, 3) 


RD width low 


*RR 




215 




ns 


Data read (Notes 2, 3) 








415 




ns 


Opcode fetch (Notes 2, 3) 
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AC Characteristics (cont) 


Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


ALE width high 


tLL 


90 




ns 


(Notes 2, 3) 


MT setup time to ALE i 


tML 


30 




ns 


(Note 3) 


K4T hold time after ALE i 


tLM 


35 




ns 


(Note 3) 


lU/M setup time to ALE i 


tIL 


30 




ns 


(Notes) 


lU/IVI hold time after ALE i 


tLI 


35 




ns 


(Note 3) 


Address to W^4 delay 


Uw 


100 




ns 


(Notes 2, 3) 


ALE i to data output 


^DW 




180 


ns 


(Notes 2, 3) 


WR i to data output 


tWD 




100 


ns 


(Note 2) 


ALE 4. to WRi delay time 


tiw 


15 




ns 


(Notes 2, 3) 


Data setup time to WR t 


tow 


165 




ns 


(Notes 2, 3) 


Data hold time to WR t 


%DH 


60 




ns 


(Notes 2, 3) 


WR t to ALE t delay time 


%L 


80 




ns 


(Notes 2, 3) 


WR width low 


tww 


215 




ns 


(Notes 2, 3) 


Address to data input 


*ACC 




250 


ns 


(Notes 2, 3) 


Data hold time from address 


t|H 







ns 


(Note 2) 



Notes: 

(1) Applies to jttPD78CP1 4 only 

(2) Load capacitance Cl = 150 pF. 

A/D Converter Characteristics 

T;^ = -40*' to +85*'C; Vdd = +5.0 V ±10% (±5% on j[tPD78CP14); Vss = 
Vdd -0.5 V s AVdd ^ Vdd; 3.4 V S Varef ^ AVdd 



(3) Values' are for 15-MHz operation. For operation at other frequen- 
cies, refer to the table called Bus Timing Depending on tcvc- 



AVssOV; 



Parameter 



Synibol Min 



Typ 



Max 



Unit 



Conditions 



Resolution 



8 



bits 



Absolute accuracy 
(Note 1) 



±0.4 



%FSR X\ = -10 *o +70''C; 66 ns ^ tcvc ^ 170 ns; 
4.0 V ^ Varef ^ AVdd 



±0.6 



%FSR 66 ns ^ tcYC ^ "• ''O "s; 4.0 V :S Varef ^ AVdd 











±0.8 


%FSR 


66 ns :s tcYC ^ 170 ns; 3.4 V ^ Varef ^ AVdd 


Conversion time 


tCONV 


576 






*CYC 


66 ns ^ tcYC ^ 110 ns 




432 






tCYC 


110 ns ;S tcYC ^ 170 ns 


Sampling time 


*SAMP 


96 






*CYC 


66 ns :S tcYC ^ 110 ns 




72 






*CYC 


110 ns s tcYC ^ 170 ns 


Analog input voltage 


V,AN 







Varef 


V 


,.. 


Analog Input impedance 


Ran 




1000 




MQ 




Reference voltage 


Varef 


3.4 




AVdd 


V 




Varef current 


•arefi 




1.5 


3.0 


mA 


Operation mode 




'aREF2 




0.7 


1.5 


mA 


STOP mode 


AVdd supply current 


AIddi 




0.5 


1.3 


mA 


Operation mode 




AIdD2 




10 


20 


mA 


STOP mode 



Notes: 

(1) Quantizing error (±1/2 LSB) Is not included. 

(2) FSR = Full-scale resolution. 
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Bus Timing Dependent on tcvK 


Symbol 


Min/Max (ns) 


Calcuiation Formula 


tjlH' ^TIL 


Min 


6T (Tl input - PC3) 


(Note 2) 


Min 


6TCTI input -PC5) 


tCI2H. tCI2L 
(Note 3) 


Min 


48TCri input -PCs) 


*I1H> *I1L 


Min 


36T (INT1) 


t|2H. t|2L 


Min 


36T(TNT2) 


UnH. tANL 


Min 


36T (AN4-AN7) 


tAL 


Min 


2T-100 


U 


Min 


T-30 


tAR 


Min 


3T-100 


tAD 


Max 


7T-220 


tLDR 


Max 


5T - 200 


tRD 


Max 


4T-150 


iR 


Min 


T-50 


tRL 


Min 


2T-50 


tRR 


Min 


4T - 50 (Data read) 




Min 


7T - 50 (Opcode fetch) 


tLL 


Min 


2T - 40 


tML 


Min 


2T - 100 


tLM 


Min 


T-30 



Symbol 


Min/Max (ns) 


Calculation Formula 


t|L 


Mih 


2T-100 


tLl 


Min 


T-30 


Uw 


Min 


3T-100 


low 


Max 


T + 110 


tiw 


Min 


T-50 


bw 


Min 


4T-100 


tWDH 


Min 


2T-70 


*WL 


Min 


2T-50 


tww 


Min 


4T-50 


*CYK 


Min 


12T (SCK input) (Note 1) 




Min 


24T (SCR output) 


kKL 


Min 


5T + 5 (SCK input) (Note 1) 




Min 


12T- 100 (SCK output) 


tKKH 


Min 


5T + 5 (SCK input) (Note 1) 




Min 


12T- 100 (§UK output) 



Notes: 

(1) 1 X baud rate in synciironous or I/O interface mode; T = 
1/fxTAL- 

The items not included in this list are independent of oscillator 
frequency (fxTAl)- 

(2) Event counter mode. 

(3) Pulse width measurement mode. 



-■ tCYC = 



Data Memory STOP IVIode Data Retention Characteristics 

Ta = -40 to 85°C 








Parameter Symbol Min Typ 


Max 


Unit 


Conditions 


Data retention power supply voltage Vdddr 2.5 


5.5 


V 





Data retention power supply current 



'dddr 



1 


15 


^A 


Vdddr -2.5 V 


15 


50 


fxA 


Vdddr = 5.0 V ±10% 




300 


M 


Vdddr = 2.4 V (mPD78CP14) 









1 


mA 


Vdddr = 5.0 V ±5% (mPD78CP14) 


Vdo rise, fall time 


Wd. %vd 


200 




fiS 




WtUP setup time to Vpp 


tsSTVD 


12T + 0.5 




JUS 




W[UP hold time from Vqd 


tHVDST 


12T + 0.5 




MS 
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Timing Waveforms 
Data Retention Timing 



t 



STOP 



^ 



90% 
10% Vdddr 



/ 



— *FVD — 

-^SSTVD tHVDST- 



^RVD 



V|H2 
V|L2 



Read Operation 




AB15-AB8 
[PF7-PF0] 



DOi 



ADy 
[PD7- 



■'S!<ZM[ 



■J 



ADDR15-ADDR8 



KX 



-tAD- 



ADDR7-ADDR0 



-tLL- 



^. 



-tAL- 



-tAR 



MODEO 
[Note 



Note: 



[10] \ 



-tiL' ► 



♦-tLA-* 



*-tLR-^ 



-/ V Data in ^ 



-tLDR ■ 



tAFR 



X 



-tRD- 



1 



-^-tRDH 



-tRR- 



/ 



tRL- 



J 



tLI 



[1] 10 Signal is output to the IMODEO pin [if iMODEO is puiied up to Vdd] during a 
read or write of special registers sr-sr2 or a write to register IMM or MF. Refer to 
description of Port Emulation Mode [PEM] in the User's Manual for further 
explanation. This signal Is not output on the //PD78CP14. 



f 
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Wriie Operation 




AD7-AD0 
[PD7-PD0] 



do: 



J 



I- 



tLDW- 



ADDR7-ADDR0 



-tLL ► 






-tAL- 



-tAW 



MODEO [10] 
[Note 



Note: 



^a 



-tiL- 



-^tLA-^ 



)o: 



\ 



-•-tLW- 



tWD 



KX 



-tDW- 



-tww- 



/ 



-tWDH- 



/ 



-tWL- 



J 



tLI 



[1 ] 10 signal is output to the MO DEO pin [if !\/IODE0 is pulled up to Vdd] during a 
read or write of speciali registers sr-sr2 or a write to register IVIM or MF. Refer to 
description of Port Emulation Mode [PEM] in the User's Manual for further 
explanation. This signal is not output on the //PD78CP14. 
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Opcode Fetch Operation 



-T2- 



-T3- 



yvwwwwwwv 



tCYC 



AB15-AB8 
[PF7-PF0] 



DCX 



AD7-AD0 
[PD7-PD0] 



X 



J 



ADDR15-ADDR8 



XX 



-tAD- 



ADDR7-ADDR0 



) i 



-tLL- 



N. 



-tAL- 



-tAR 



M0DE1 [M1] 
[Note 



!1~\ 



-tML- 



-^tLA- 



-^tLR-* 



tLDR- 



-•-tAFR 



\ 



-tRD- 



tRDH 



Opcode 



"tRR- 



J[ 



tLM 



[1] M1 signal is output to tlie M0DE1 pin during every Opcode Fetch if l\/IODE1 
pin is pulled up to Vdd- This signal is not output on the //PD78CP14. 



>--< 



-tRL- 



f 



I 
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Serial Operation Transmit/Receive Timing 












■ 








r\ ... • "^ 


\ 








i*- 




SCK \ 


\ ^ 


t ^ 


\ \ 


^ t.^«. 


















X 






X 








> 




c 


























83RO-6951B 



Timer input Timing 



/ ^, ,'' 



Timer/Event Counter input Timing: 
Event Counter Mode 
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Timer/Event Counter Input Timing: 
Pu^ Widtii Measurement Mode 



External Clocli Timing 




Interrupt Input Timing 




AC Timing Test Points 







B3-003283A 


^''^ '-^ y2.2V 

0.45 V. A^iJL 


> Test Points:- 2.2 V W 
< > 0.8 V A 



AN4iAN7E(lge Detection Timing 



AN4-7 



-^ANH- 



/ \ Y 



^ANL- 



MPD78CG14E EPROM Read Timing 



RESET Input Timing 



\ K 



""'Zxy, 



y. 



-tACC- 



Read Data 






-t|H 

83RD-6960A 
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fiPD78CP14 PROGRAMMING 

In the ^tPD78CP14, the mask ROM of the /diPD78C1X/ 
C1XA is replaced by a one-time programmable ROM 
(OTP ROM) or a reprogrammable, ultraviolet erasable 
ROM (UV EPROM). The ROM is 16,384 by 8 bits and can 
be programmed using a general-purpose PROM writer 
with a /aPD27C256A programming mode. Refer to tables 
3 through 5 and the AC and DC Programming Charac- 
teristics for specific information applicable to program- 
ming the iLiPD78CP14. 

The PA-78CP14CW/GF/GQ/L are the socket adapters 
used for configuring the ^PD78CP14 to fit a standard 
j[iPD27C256A PROM socket. 



Tables, 


Pin Functions during EPROHH 
Progranuning 


Pin 


Function 


Description 


PA0-PA7 


A0-A7 


Low-order 8-bit address 


PFo 
NMl 


As 
A9 


Higii-order 7-bit address 


PF2-PF6 


A10-A14 




PD0-PD7 


D0-D7 


Data input/output 


PBe 


m 


Chip enable input 


PB7 


m 


Output enable input 


RESET 


RESET 


PROM programming mode requires a 
low voltage on this pin 


ModeO 


ModeO 


Enter PROM programming mode by 
applying a high voltage to this pin 


Model 


Model 


Enter PROM programming mode by 
applying a low voltage to this pin 


STOP 


Vpp 


High-voltage input (write/verify) high 
level (read) 



Table 4, Summary of Operation Modes for EPROM Programming 



Operation IViode 


CE 


OE 


Vpp 


Vdd 


RESET 


IViODEO 


IVI0DE1 


Al4 


Program write 


L 


H 


+ 12.5 V 


-I-6V 


L 


H 






Program verify 


H 


L 


+ 12.5 V 


-1-6 V 


L 


H 






Program inhibit 


H 


H 


-1- 12.5 V 


+6V 


L 


H 






Read 


L 


L 


+5V 


-1-5 V 


L 


H 






Output disable 


L 


H 


-1-5V 


-1-5 V 


L 


H 






Standby 


H 


L/H 


+5V 


-1-5 V 


L 


H 







Notes: 

(1) The CE, OE, Vpp, and Vqd pins are all compatible with the 
jttPD27C256A pins. 

Caution: When Vpp is set to + 12.5 V and Vqd is set to -f-6 V, you 
cannot set both CE and OE to low level (L). 
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Table 5. Recommended Connections tor Unused 
Pins (EPROM Programming Mode) 



Pin 


Reeomm^nded Gon.nect'on ft/Sethcd 


INT1 


Connect to Vss 


XI 


Connect to Vss 


X2 


Leave this pin disconnected 


AN0-AN7 


Connect to Vss 


VAref 


Connect to Vss 


AVdd 


Connect to Vss 


AVss 


Connect to Vss 


Remaining pins 


Connect eacii pin via a resistor to Vss 



PROM Write Procedure 



( 1) Connect the RESET pin, the M0DE1 pin, and A14 
pin to a low level and connect the MODEO pin to a 
high level. Connect all unused pins as recom- 
mended In Table 5. 

( 2) Apply +6 V to the Vdd pin and + 12.5 V to the Vpp 
pin. 

( 3) Provide the initial address. 

( 4) Provide write data. 

(5) Provide 1-ms program pulse (active low) to the CE 
pin. 

( 6) This bit is now verified with a pulse (active low) to 
the OE pin. If the data has been written, proceed to 
step 8; if not, repeat steps 4 to 6. If the data cannot 
be correctly written after 25 attempts, go to step 7. 

( 7) Classify as defective and stop write operation. 

( 8) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
repeats performed between steps 4 to 6. 

( 9) Increment the address. 

(10) Repeat steps 4 to 9 until the end address. 



PROM Read Procedure 

(1) FIX the RESET pip, the M0DE1 pin, and A14 pin to 
a low level and connect the MODEO pin to a high 
level. 

(2) Apply +5 V to the Vdd and Vpp pins. 

(3) Input the address of the data to be read to pins 
A0-A14. 

(4) Read mode is entered with a pulse (active low) on 
both the CE and OE pins. 

(5) Data is output to the D0-D7 pins. 

EPROM Erasure 

Data in an EPROM Is erased by exposing the quartz 
window In the ceramic package to light having a wave- 
length shorter than 400 nm, including ultraviolet rays, 
direct sunlight, and fluorescent light. To prevent uninten- 
tional erasure, mask the window. 

Typically, data Is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15W-s/cm2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase written data. Erasure by an ultraviolet lamp rated 
at 12 mW/cm2 takes approximately 15 to 20 minutes. 
Remove any filter on the lamp and place the device 
within 2.5 cm of the lamp tubes. 
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fiPD78CP14 DC Programming Characteristics 

Ta = 25 ±5°C; M0DE1 = V,l; MODEO = V,h; Vss = V 


Parameter 


Symbol 


Symbol* 


MIn 


Typ 


Max 


Unit 


Condition 


High-level input voltage 


V|H 


V|H 


2.2 




Vddp+0.3 


V 




Low-level input voltage 


V,L 


V|L 


-0.3 




0.8 


V 




Input leakage current 


Ilip 


Ili 






±10 


mA 


^ Vi :s Vddp 


High-level output voltage 


VOH 


VoH 


Vdd-1.0 






V 


loH = -iOmA 


Low-level output voltage 


Vol 


Vol 






0.45 


V 


loL = 2.0 mA 


Output leakage current 


Ilo 








±10 


^A 


^ Vo ^ Vddp; ^ = v,h 


Vddp power voltage 


Vddp 


Vcc 


5.75 


6.0 


6.25 


V 


Program memory write mode 




4.5 


5.0 


5.5 


V 


Program memory read mode 


Vpp power voltage 


Vpp 


Vpp 


12.2 


12.5 


12.8 


V 


Program memory write mode 






Vpp = Vddp 




V 


Program memory read mode 


Vddp power current 


'dd 


Ice 






30 


mA 


Program memory write mode 








30 


mA 


Program memory read mode; 
CE = V,l; V, = V,H 


Vpp power current 


Ipp 


Ipp 






30 


mA 


Program memory read mode; 
Ce = V,l; OT = V|H 






1 


100 


loA 


Program memory write mode 



* Corresponding symbols of the juPD27C256A. 



i[iPD78CP14 AC Programming Characteristics 

Ta = 25 ±5*^0; M0DE1 = V|l; Vss = V 



Parameter 


Symbol 


Symbol* 


MIn 


Typ Max 


Unit 


Condition 




Address setup time to Ul i 


tSAC 


tAS 


2 




jttS 






Data to UEi delay time 


toDOO 


*OES 


2 




jttS 






Input data setup time to CE i 


tslDC 


tos 


2 




jttS 






Address hold time from CE T 


thCA 


tAH 


2 




ItlS 






Input data hold time from UE t 


tHCID 


tOH 


2 




jtlS 






Output data hold time from OE t 


thOOD 


tOF 





130 


ns 






Vpp setup time to UE i 


tSVPC 


Vps 


2 




jas 






Vddp setup time to UE 4 


tSVDC 


Vds 


2 




^s 






Initial program pulse width 


tWLI 


tpw 


0.95 


1.0 1.05 


ms 






Additional program pulse width 


tWL2 


topw 


2.85 


78.75 


ms 






MODE0/MODE1 setup time vs. UE i 


tSMC 




2 




JtlS 


M0DE1 = V,L and MODEO = 


= V,H 


Address to data output time 


^DAOD 


Ucc 




2 


^s 


UE = V,L 




UE i to data output time 


toCOD 


tCE 




1 


^s 






UE i to data output time 


bOOD 


tOE 




1 


fXS 






Data hold time from UE t or UE t 


tHCOD 


toF 





130 


ns 






Data hold time from address 


thAOD 


tOH 







ns 


UE = V,L 





* Corresponding symbols of the |nPD27C256A. 
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MPD78CP14 PROM Write Modle riming 



A0-A14 y^ 



Mode 1 ^IH 
Mode 



1 '■" V r 

°V„ h 



Vpp 



Vpp 



vddp 

vddp + 1 
Vddp 

Vddp 

V|H 



V|L 



/ 



Effective Address 



K 



^- ^SAC 



Data 

Input 



M 



%MC 



tSVPC 



^SVDC 



VJ 



tWL1 



telD 



Data 
CXitput 



^DDCX) 



V|H 



V|L 



^bOOD 



H / 



-*- ^HCXDD 



r^ 



tSIDC 



Data 
input 



VJ 



_twL2- 



^HCA 



Mode 1 = V|L 
Mode = V|H 



(1 ) Vqqp must be applied before applying Vpp . It should be removed after removing Vpp. 

(2) Vpp must not exceed +1 3 V, including overshoot. 
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flPDvaCPU PROU Read Mode Timing 



-Z3C 



CE 



Effective Address 



^. 



\ 



-^DAOD 



-—"-—4 



K 



/ 



*HAOD 



/ 



Data Output 



^HCOD 






Notes: 

(1) To read PROM within tlie toy^QD '^'^9®' ^® ^®'®y o^ O^i from CEi must lae witliin toy^QD" ^DOOD- 

(2) ^HCOD 's ^® t'"^® froiTi tlie state in whicli eitlier OE or CE first becomes V|h . 
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Operand Symbols 


Symbol Allowable Operands 


Registers 


r V, A, B, C, D, E, H, L 

r1 EAH, EAL, B, C, D, E, H, L 

r2 A.B.C 


Special Registers 



sr PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, SML, EOM, 

ETMM, TMM, MM, MCC, MA, MB, MC, MF, TXB, 
TM0,TM1,ZCM 

sr1 PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RXB, 

CRO, CR1,CR2,CR3 

sr2 PA, PB, PC, PD, PF, MKH, ANM, MKL, SMH, EOM, TMM 

sr3 ETMO, ETM1 

sr4 ECNT, ECPT 



Register Pairs 



rp 
rp1 
rp2 
rp3 



SP, B, D, H 
V, B, D, H, EA 
SP, B, D, H, EA 
B, D, H 



Register Pair Addressing 



rpa 
rpa1 

rpa2 



rpaS 



B, D, H, D+ , H+ , D-, H- 
B, D, H 

B, D, H, D+, H+, D-, H-, D+byte, H+A, H+B, 
H+EA, H+byte 

D, H, D++, H++, D+byte, H-f A, H+B, H+EA, H+byte 



Flags 



CY, HC, Z 



Interrupt Flags 



irf INTFNMI, INTFTO, INTFT1, INTF1, INTF2, INTFEO, INTFE1, 

INTFEIN, INTFAD, INTFSR, INTFST, ER, OV, AN4, AN5, AN6, 
AN7, SB 



immediate Data 



wa 8-bit immediate data (low byte of working register address) 

word 16-bit immediate data 

byte 8-bit immediate data 

bit 3-bit immediate data (b2, bi, bo) 



Operand Definitions 



Special Registers (sr-srA) 



PA = Port A 

PB = Port B 

PC = Port C 

PD = Port D 

PF = Port F 

MA = Mode A 

MB = Mode B 

MC = Mode C 

MCC = Mode control C 

MF = ModeF 

MM = Memory mapping 
TMO = Timer register 
TM1 = Timer register 1 
TMM = Timing mode 
ETMO = Timer/event counter 

register 
ETM1 = Timer/event counter 

register 1 
ZCM = Zero-cross mode 

control register 



ECNT = Timer/event 

counter upcounter 
ECPT = Timer/event 

counter capture 
ETMM = Timer/event 

counter mode 

EOM = Timer/event 
counter output mode 

TXB = Transmit buffer 
RXB = Receive buffer 
SMH = Serial mode high 
SML = Serial mode low 
MKH = Mask high 
MKL = Mask low 
ANM = A/D channel mode 
CRO to CR3=A/D conversion 
result 0-3 



Register Pairs (rp-rp3) 



SP = stack pointer 
B = BC 
D = DE 



H = HL 
V = VA 
EA = Extended accumulator 



Register Pair Addressing (rpa-rpa3) 



B = (BC) 
D = (DE) 
H = (HL) 
D+ = (DE)+ 
H+ = (HL)+ 
D- = (DE)- 
H--(HL)- 



D++ = (DE)++ 
H++ = (HL)++ 
D+byte = (DE+byte) 
H+byte = (HL+byte) 
H+A = (HL+A) 
H+B = (HL+B) 
H+EA = (HL+EA) 



Flags (f) 



CY = Carry 



HC = Half-carry 



Z = Zero 



Interrupt Flags (irf) 



INTFNMI = NMI interrupt flag INTFEIN = FEIN 



INTFTO = FTO 
INTFT1 = FT1 
INTF1 = F1 
INTF2 = F2 
INTFEO = FEO 
INTFE1 = FE1 



INTFAD = FAD 

INTFSR = FSR 

INTFST = FST 

ER = Error 

OV = Overflow 

AN4 to AN7 = Analog input 4-7 

SB = Standby 
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Operand Codes 



Registers (r, r2) 



h 


Ri 


Ro 


Reg 











V 








1 


A 





1 





B 





1 


1 


C 



D 

1 E 

1 H 
1 1 L 



Registers (r1) 



T2 Ti To Reg 



EAH 
EAL 

B 

C 

D 

E 

H 

L 



Speciai Registers (sr, sr1, sr2) 



Si Sq Special Reg sr srI sr2 



PA 

PB 

PC 

PD 

PF 

MKH 

MKL 

ANM 

SMH 









t 


1 





SML 








1 


1 


1 


EOM 








1 








ETMM 








1 1 





1 


TMM 


















MM 





1 










MCC 











1 




MA 











1 




MB 





1 


1 







MC 








1 


1 




MF 





1 










TXB 





1 










RXB 





1 





1 




TMO 





1 





1 




TM1 



1 1 
1 1 



1 

















CRO 


1 














1 


CR1 


1 











1 





CR2 


1 











1 


1 


CR3 



I 



ZCM 



I 



Speciai Registers (sr3) 


Uo 


Special Reg 




1 


ETMO 
ETM1 


Speciai Registers (sr4) 


Vo 



1 


Special Reg 

ECNT 
ECPT 


Register Pairs (rp, rp2, rp3) 



P2 



Pq Reg Pair rp rpZ rp3 









SP 





1 


BC 


1 





DE 


1 


1 


HL 



EA 



Register Pairs (rp1) 



O2 Oi Oo Reg Pair 



VA 
BC 
DE 
HL 
EA 



Register Pair Addressing (rpa, rpal, rpa2) 



A3 


A2 


Ai 


Ao 


Addressing 














— 











1 


(BC) 








1 





(DE) 







1 


1 


1 


(HL) 











(DE)+ 





1 





1 


(HL)+ 





1 


1 





(DE)- 





1 


1 


1 


(HL)- 



rpa rpal rpa2 



1 1 

1 
1 1 
1 1 

1 1 1 



(DE+byte) 

(HL+A) 

(HL+B) 

(HL+EA) 

(HL+byte) 



Register Pair Addressing (rpa3) 



C3 C2 Ci Cq 



Addressing 



(DE) 

(HL) 

(DE)++ 

(HL)++ 

(DE+byte) 

(HL+A) 

(HL+B) 

(HL+EA) 

(HL+byte) 
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Operand Codes (cent) 



Flags (f) 










F2 


Fl 


Fo 


Flag 















— 









1 





CY 









1 


1 


HC 






1 








Z 






Interrupt Flags (Irf) 


k 


l3 


iz 


ll 


■o 


Flag 

















NMI 
















FTO 
















FT1 















F1 








1 







F2 








1 






FEO 








1 







FE1 








1 






FEIN 


Q 












FAD 














FSR 















FST 














ER 







1 







OV 















AN4 














AN5 















AN6 














AN7 







1 








SB 



Graphic Symbols 




Symbol 


Description 


— 


Transfer direction, result 


A 


Logical product (logical AND) 


V 


Logical sum (logical OR) 


-V- 


Exclusive-OR 


— 


Complement 


• 


Concatenation 
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Operation Code 



B1 
B3 



minemonic Operand 



Operation 



6 5 



3 2 



B2 

B4 
7 6 5 4 3 2 1 



State 
(Notel) 



Bytes 



Skip 
Condition 



8-Bit Data Transfer 



MOV 



r1,A 


(r1)-(A) 


1 1 T2 Ti To 


4 


1 


A, r1 


(A)-(r1) 


1 T2 Ti To 


4 


1 





*sr.A (sr)-(A) 


' 





1 1 





1 


1 


1 


S5 S4 S3 $2 


Si 


So 


10 


2 




*A,sr1 (A) — (sr1) 


' 





1 1 








1 


1 


S5 S4 S3 S2 


Si 


So 


10 


2 




r.word (r) *- (word) 


- 


1 


1 











1 


1 1 R2 
High addr 


A 


Ro 


17 


4 








Low addr 










word.r (word) '^ (r) 


' 


1 


1 











1 


1 1 1 R2 
High addr 


A 


Ro 


17 


4 








Low addr 








MVI 


*r,byte (r) ^ byte 


' 


1 


1 R2 


Ri 


Ro 






Data 






7 


2 




sr2,byte (sr2)^byte 


' 


1 


1 








S3 


J0_ 


$2 


Si 


So 


14 


3 








Data 








MVIW 


*wa, byte ((V).(wa)) ^ byte 


' 


1 


1 





1 






Offset 






13 


3 








Data 


















MVIX 


*rpa1,byte (rpal)'^byte 


' 





1 


Ai 


Ao 






Data 






10 


2 


STAW 


*wa ((V).(wa))-(A) 


- 


1 





1 


1 






Offset 






10 


2 



LDAW 


*wa 


(A)-((V).(wa)) 























1 


Offset 


10 


2 


STAX 


*rpa2 


((rpa2))-(A) 


A3 





1 


1 


1 


A2 Ai 


Ac 


Data (Note 2) 


7/13 (Note 3) 


2 


LDAX 


*rpa2 


(A)-((rpa2)) 


A3 





1 





1 


A2 Ai 


Ao 


Data (Note 2) 


7/13 (Note 3) 


2 


EXX 




(B)--(B'),(C)--(C'),(D)--(D') 
(E) — (E').(H)-(H'),(L)-(L') 











1 











1 




4 


1 


EXA 




(V)-(V'),(A)--(A'),(EA) — (EA') 











1 
















4 


1 


EXH 




(H)--(H').(L)--(L') 





1 





1 
















4 


1 


BLOCK 




((DE))-((HL)).(DE)-(DE) + 1, 
(HL)-(HL) + 1.(0) -(0-1 
End if borrow 








1 


1 











1 




13 X 

(C + 1) 


1 


16-Bit Data Transfer 


DIVlOV 


rp3, EA 


(rp3L)*-(EAL),(rp3H)-(EAH) 


1 





1 


1 





1 


P1 


Po 




4 


1 




EA,rp3 


(EAL)-(rp3L),(EAH)-(rp3H) 


1 





1 








1 


P1 


Po 




4 


1 



Notes: 

(1) For tlie sicip condition, the idle states are as follows: 

1-byte instruction: 4 states 2-byte instruction (with *): 7 states 

2-byte instruction: 8 states 3-byte instruction (with *): 10 states 

3-byte Instruction: 11 states 4-byte instruction: 14 states 



(2) B2 (Data): rpa2 = D-f byte or H+byte. 

(3) Right side of slash (/) in states indicates case rpa2 or rpa3 - 
H+B, H+EA, or H+byte. 

(4) 83 (Data): rpa3 = D+byte or H+byte. 



D+byte, H+A, 



CO 



Instruction Set (cont) 



Operation Code 



B1 



Mnemonic 


Operand 


Operation 


7 6 5 


B3 
4 3 2 


1 





7 


6 


B4 
5 4 3 2 


1 





state 
(Notel) 


Bytes 


Sicip 
Condition 


16-Blt Data Transfer (cont) 


DMOV 


sr3. EA 


(sr3)-(EA) 








1 








1 


1 


10 




Uo 


14 


2 






EA.sr4 


(EA)-(sr4) 








1 








1 


1 








Vo 


14 


2 




SBCD 


word 


(word) ^ (C), (word + 1) *- (B) 





1 1 


1 














111 







20 












Low addr 










High addr 








SDED 


word 


(word) ^ (E), (word + 1) ^ (D) 


■ 


1 


1 














10 11 







20 












Low addr 










High addr 








SHLD 


word 


(word) ^ (L), (word + 1) *- (H) 


■ 


1 


1 














1111 







20 












Low addr 










High addr 








SSPD 


word 


(word) ^ (SPl), (word + 1) ^ (SPh) 


■ 


1 


1 














11 







20 












Low addr 










High addr 








STEAX 


rpa3 


((rpa3)) - (EAL). (((rpa3)) + 1)) - (EAH) 


' 





1 








1 





1 C3 C2 


Ci 


Co 


14/20 (Note 3) 










Data (Note 4) 








LBCD 


word 


(C) ^ (word), (B) — (word + 1) 


- 


1 


1 














111 




1 


20 












Low addr 










High addr 








LDED 


word 


(E) *- (word), (D) — (word + 1) 


' 


1 


1 Q 





p 








10 11 




1 


20 












Low addr 










High addr 








LHLD 


word 


(L) *- (word). (H) *- (word + 1) 





1 


1 














1111 




1 


20 












Low addr 










High addr 








LSPD 


word 


(SPl) *- (word), (SPh) *- (word + 1) 


' 


1 


1 














11 
High addr 




1 


20 












Low addr 








LDEAX 


rpa3 


(EAL) - ((rpa3)), (EAH) - (((rpa3) + 1)) 


' 





1.0 








1 





C3 C2 


Ci 


Co 


14/20 (Note 3) 


3 





Data (Note 4) 



PUSH 


rpl (((SP)-1))-(rplH). 

(((SP)-2))-(rplL),(SP)- 


(SP)-2 


1 





1 1 Q2 


Qi 


Qo 








13 


1 


POP 


rpl (rpiL) ^ ((SP)), (rplH) ^ (((SP) + 1)). 
(SP)*-(SP) + 2 


1 





1 Q2 


Qi 


Qo 








10 


1 


LXI 


*rp2,word (rp2) ^ (word) 







P2 


Pl Po 1 
High byte 












Low byte 


10 


3 












TABLE 


(C)-(((PC) + 3 + (A))), 
(B)-(((PC) + 3 + (A) + 1)) 







1 


10 








1 





10 10 


17 


2 


8-Bit Arithmetic [Register] 


ADD 


A,r (A)-(A) + (r) 







1 


10 








1 


1 


R2 Ri Ro 


8 


2 




r,A (r)-(r) + (A) 







1 


1 











1 


R2 Ri Ro 


8 


2 


ADC 


A,r (A) — (A) + (r) + (CY) 







1 


10 








1 


1 


1 R2 Ri Ro 


8 


2 




r,A (r) — (r) + (A) + (CY) 







1 


10 











1 


1 R2 Ri Ro 


8 


2 



Instruction Set (cont) 





Operand 


Operation 














Operation Code 














State 
(Notel) 


Bytes 






7 


6 


5 


4 


B1 

B3 
3 


2 


1 





7 


6 


5 


82 

B^ 
4 


3 


2 


1 





Skip 
Condition 


8-Bit Arithmetic [Register] (cont) 


ADDNC 


A,r 


(A)-(A) + (r) 





































R2 


Ri 


Ro 


8 


2 


No carry 




r.A 


(r) — (r) + (A) 





































R2 


Ri 


Ro 


8 


2 


No carry 


SUB 


A,r 


(A)-(A)-(r) 


























1 










R2 


Ri 


Ro 


8 


2 






r,A 


(r)^(r)-(A) 


























1 










R2 


Ri 


Ro 


8 


2 




SBB 


A,r 


(A)-(A)-(r)-(CY) 


























1 




1 





R2 


Ri 


Ro 


8 


2 






r,A 


(r)-(r)-(A)-(CY) 


























1 




1 





R2 


Ri 


Ro 


8 


2 




SUBNB 


A.r 


(A)-(A)-(r) 































1 





R2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r)-(r)-(A) 































1 





R2 


Ri 


Ro 


8 


2 


No borrow 


ANA 


A,r 


(A)-(A)A(r) 



































1 


R2 


Ri 


Ro 


8 


2 






r,A 


(r)^(r)A(A) 




































1 


R2 


Ri 


Ro 


8 


2 




ORA 


A,r 


(A)-(A)V(r) 
































1 


1 


R2 


Ri 


Ro 


8 


2 






r,A 


(r)-(r)V(A) 
































1 


1 


R2 


Ri 


Ro 


8 


2 




XRA 


A,r 


(A)-(A)¥(r) 
































1 





R2 


Ri 


Ro 


8 


2 






r,A 


(r)-(r)Y(A) 

































1 





R2 


Ri 


Ro 


8 


2 




GTA 


A,r 


(A)-(r)-1 


































1 


R2 


Ri 


Ro 


8 


2 


No borrow 




r,A 


(r)-(A)-1 



































1 


R2 


Ri 


Ro 


8 


2 


No borrow 


LTA 


A,r 


(A)-(r) 































1 


1 


R2 


Ri 


Ro 


8 


2 


Borrow 




r,A 


(r)-(A) 
































1 


1 


R2 


Ri 


Ro 


8 


2 


Borrow 


NEA 


A,r 


(A)-(r) 

































1 


R2 


Ri 


Ro 


8 


2 


No zero 




r,A 


(r)-(A) 


































1 


R2 


Ri 


Ro 


8 


2 


No zero 


EQA 


A,r 


(A)-(r) 






























1 


1 


R2 


Ri 


Ro 


8 


2 


Zero 




r,A 


(r)-(A) 































1 


1 


R2 


Ri 


Ro 


8 


2 


Zero 


ONA 


A.r 


(A)A(r) 


































1 


R2 


Ri 


Ro 


8 


2 


No zero 


OFFA 


A,r 


(A)A(r) 































1 


1 


R2 


Ri 


Ro 


8 


2 


Zero 


8-Bit Arithmetic (Memory) 




ADDX 


rpa 


(A)-(A) + ((rpa)) 

























1 











A2 


Al 


Ao 




2 




ADCX 


rpa 


(A)-(A) + ((rpa)) + (CY) 

























1 





1 





A2 


Ai 


Ao 




2 




ADDNCX 


rpa 


(A)-(A) + ((rpa)) 




























1 








A2 


Ai 


Ao 




2 


No carry 


SUBX 


rpa 


(A) -(A) -((rpa)) 

























1 


1 








A2 


Ai 


Ao 




2 




SBBX 


rpa 


(A) -(A)- ((rpa)) -(CY) 

























1 


1 


1 





A2 


Ai 


Ao 




2 




SUBNBX 


rpa 


(A) -(A) -((rpa)) 




























1 


1 





A2 


Ai 


Ao 




2 


No borrow 


ANAX 


rpa 


(A) — (A) A ((rpa)) 


































1 


A2 


Ai 


Ao 




2 




ORAX 


rpa 


(A)-(A)V((rpa)) 































1 


1 


^ 


Ai 


Ao 




2 





Instruction Set (cont) 





Operand 


Operation 








Operation Code 












state 
(Hotel) 


Bytes 




Mnemonic 


7 6 


B1 

B3 
5 4 3 


2 


1 





7 


6 


5 


B2 

B4 
4 3 


2 


1 





Skip 
Condition 


8-Bit Arithmetic (Memory 


(cont) 
































XRAX 


rpa 


(A)-(A)^((rpa)) 


1 


1 1 



















1 


A2 Ai 


Ao 




2 




GTAX 


rpa 


(A)-((rpa))-1 


1 


1 1 
















1 


1 


A2 Ai 


Ao 




2 


No borrow 


LTAX 


rpa 


(A) -((rpa)) 


1 


1 1 
















1 


1 1 


A2 Ai 


Ao 




2 


Borrow 


NEAX 


rpa 


(A) -((rpa)) 


1 


1 10 













1 


1 


1 


A2 Ai 


Ao 




2 


No zero 


EQAX 


rpa 


(A) -((rpa)) 


1 


1 1 













1 


1 


1 1 


A2 Ai 


Ao 




2 


Zero 


ONAX 


rpa 


(A) A ((rpa)) 


1 


11 













1 





1 


A2 


Ai 


Ao 




2 


No zero 


OFFAX 


rpa 


(A) A ((rpa)) 


1 


110 













1 





1 1 


A2 


Ai 


Ao 




2 


Zero 


immediate Data 


ADI 


* A, byte 


(A) ^ (A) + byte 


1 


















Data 








7 


2 






r.byte 


(r) — (r) + byte 


1 


110 













1 








R2 


Ri 


Ro 


11 


3 








Data 












sr2, byte 


(sr2) ^ (sr2) -h byte 


1 


1 










S3 


1 








S2 


Sl 


So 


20 


3 








Data 










ACI 


*A,byte 


(A)^(A) + byte + (CY) 


1 


10 















Data 








7 


2 






r.byte 


(r) — (r) + byte + (CY) 


1 


1 1 













1 





1 


R2 


Ri 


Ro 


11 


3 








Data 












sr2,byte 


(sr2) ^ (sr2) + byte + (CY) 


1 


1 







G 


S3 


1 





1 


S2 


Si 


So 


20 


3 








Data 










ADINC 


*A,byte 


(A) ^ (A) + byte 





1 















Data 








7 


2 


No carry 




r.byte 


(r) — (r) + byte 


1 


1 1 













_0_ 







R2 


Ri 


Ro 


11 


3 


No carry 






Data 












sr2,byte 


(sr2) ^ (sr2) + byte 


1 


1 










S3 


_0_ 







S2 


Si 


So 


20 


3 


No carry 






Data 










SUI 


*A,byte 


(A) -(A) -byte 


1 


1 















Data 








7 


2 






r,byte 


(r) — (r) - byte 


1 


1 1 













1 







R2 


Ri 


Ro 


11 


3 








Data 












sr2,byte 


(sr2) — (sr2) - byte 


1 


1 










S3 


1 







S2 


Si 


So 


20 


3 








Data 










SBI 


*A,byte 


(A) -(A)- byte -(CY) 


1 


1 1 















Data 








7 


2 






r.byte 


(r) — (r)-byte-(CY). 


1 


1 1 
Data 













1 




1 


R2 


Ri 


Ro 


11 


3 






sr2,byte 


(sr2) — (sr2) - byte - (CY) 


1 


1 
Data 


1 








S3 


1 




1 


S2 


Si 


So 


20 


3 





Instruction Set (cont) 





Operand 


Operation 






Operation Code 








state 
(Notel) 


Bytes 




Mnemonic 


Bl 

83 
7 8 5 4 3 J 


I 1 





7 


6 


5 


B2 

B4 
4 3 


2 1 


Skip 
Condition 


Immediate Data (cont) 


SUINB 


*A,byte 


(A) ^ (A) - byte 


' 


1 













Data 




7 


2 


No borrow 




r.byte 


(r)-(r)-byte 


1 - 


1 G 













1 


1 


R2 Ri Ro 


11 


3 


No borrow 






Data 










sr2,byte 


(sr2) ^ (sr2) - byte 


1 ' 










S3 





1 


1 


S2 S-| So 


20 


3 


No borrow 






Data 








ANI 


*A,byte 


(A) ^ (A) A byte 


( 


) 




1 








Data 




7 


2 






r.byte 


(r) ^ (r) A byte 


1 ' 


10 
















1 


R2 Ri Ro 


11 


3 








Data 










sr2,byte 


(sr2) — (sr2)Abyte 


1 ' 










S3 








1 


$2 S-i So 


20 


3 








Data 








ORI 


*A,byte 


(A) ^ (A) V byte 


( 


) 1 




1 








Data 




7 


2 






r,byte 


(r) — (r) V byte 


1 ' 


1 
















1 1 


R2 Ri Rq 


11 


3 








Data 










sr2,byte 


(sr2)^ (sr2) V byte 


1 ■ 





1 





S3 








1 1 


S2 s-j So 


20 


3 








Data 








XRI 


*A,byte 


(A) — (A)-V-byte 


( 


) 1 













Data 




7 


2 






r.byte 


(r)-(r)^byte 


1- 


10 


1 














1 


R2 Ri Rq 


11 


3 








Data 










sr2,byte 


(sr2) ^ (sr2)-V-byte 


1 ' 










S3 








1 


S2 S-| So 


20 


3 








Data 








GTI 


*A,byte 


(A) - byte - 1 










1 








Data 




7 


2 


No borrow 




r,byte 


(r) - byte - 1 


1 


1 


t 













1 


R2 Ri Ro 


11 


3 


No borrow 






Data 




















sr2,byte 


(sr2)-byte-1 


1 


1 


1 





S3 







1 


S2 Si So 


14 


3 


No borrow 






Data 


















LTI 


*A,byte 


(A) - byte 





1 10 




1 








Data 




7 


2 


Borrow 




r.byte 


(r) - byte 


1 


1 1 


1 













1 1 


R2 Ri Rq 


11 


3 


Borrow 






Data 




















. sr2,byte 


(sr2) - byte 


1 


1 


1 





S3 







1 1 


S2 Si So 


14 


3 


Borrow 






Data 


















NEI 


*A,byte 


(A) - byte 


1 







1 








Data 




7 


2 


No zero 




r.byte 


(r) - byte 


1 


1 
Data 


1 








1 




1 


R2 Ri Ro 


11 


3 


No zero 



CO 



? Instruction Set (cont) 





Operand 


Operation 






Operation Code 














state 
(Notel) 






Mnemonic 


7 1 


B1 

B3 
> 5 4 3 : 


I 1 





7 


6 


5 


B2 

B^ 

4 


1 

\ 
3 


2 


1 





Skip 
Condition 


Immediate Data (cont) 


NEI 


sr2,byte 


(sr2) - byte 







10 
Data 


1 





S3 




1 





1 


S2 


Si 


So 


14 


3 


No zero 






















EQI 


*A,byte 


(A) - byte 







1110 


1 1 


1 








Data 








7 


2 


Zero 




r.byte 


(r) - byte 







1110 


1 










1 


1 


1 


R2 


Ri 


Rq 


11 


3 


Zero 






'Data 


























sr2,byte 


(sr2) - byte 







1 


1 





S3 




1 


1 


1 


S2 


Si 


So 


14 


3 


Zero 






Data 
























ONI 


*A,byte 


(A) A byte 










1 


1 








Data 








7 


2 


No zero 




r.byte 


(r) A byte 







1 1 


1 
















1 


R2 


Ri 


Ro 


11 


3 


No zero 






Data 


























sr2,byte 


(sr2) A byte 




■ 


1 


1 





S3 










1 


S2 


Si 


So 


14 


3 


No zero 






Data 
























OFFI 


*A,byte 


(A) A byte 




■ 


1 


1 


1 








Data 








7 


2 


Zero 




r.byte 


(r) A byte 




- 


1 1 
















1 


1 


R2 


Ri 


Ro 


11 


3 


Zero 






Data 


























sr2,byte 


(sr2) A byte 







1 


1 





S3 







1 


1 


S2 


Si 


So 


14 


3 


Zero 






Data 
























Working Register 






ADDW 


wa 


(A)-(A) + ((V).(wa)) 




' 


1 1 










1 




















14 


3 








Offset 
























ADCW 


wa 


(A)-(A) + ((V).(wa)) + (CY) 





1 10 


1 







1 





1 














14 


3 








Offset 
























ADDNCW 


wa 


(A)-(A) + ((V).(wa)) 




- 


1 1 


1 










1 

















14 


3 


No carry 






Offset 
























SUBW 


wa 


(A)-(A)-((V).(wa)) 




' 


1 1 










1 


1 

















14 


3 








Offset 
























SBBW 


wa 


(A)-(A)-((V).(wa))- 


-(CY) 


■ 


1 10 










1 


1 


1 














14 


3 








Offset 
























SUBNBW 


wa 


(A)-(A)-((V).(wa)) 




' 


1 1 













1 


1 














14 


3 


No borrow 






Offset 
























ANAW 


wa 


(A)-(A)A((V).(wa)) 




' 


1 1 
Offset 



















1 











14 


3 





Instruction Set (cont) 





Operand Operation 












Operation Code 












state 
(Notel) 


Bytes 




Mnemonic 


7 


6 


5 


B1 

B3 
4 3 


2 


1 


7 6 


5 


B2 

84 
4 3 


2 


1 





Skip 
Condition 


Working Register (cont) 


ORAW 


wa (A) — (A) V ((V).(wa)) 









1 
















1 1 











14 


3 












Offset 






















XRAW 


wa (A)-(A)^((V).(wa)) 









1 










1 





1 











14 


3 












Offset 






















GTAW 


wa (A)-((V).(wa))-1 









1 










1 


1 


1 











14 


3 


No borrow 










Offset 






















LTAW 


wa (A)-((V).(wa)) 









1 










1 


1 


1 1 











14 


3 


Borrow 










Offset 






















NEAW 


wa (A)-((V).(wa)) 









1 










1 1 


1 


1 











14 


3 


No zero 










Offset 






















EQAW 


wa (A) - ((V).(wa)) 









1 1 










1 1 


1 


1 1 











14 


3 


Zero 










Offset 






















ONAW 


wa (A) A ((V).(wa)) 









1 










1 1 





1 











14 


3 


No zero 










Offset 






















OFFAW 


wa (A) A ((V).(wa)) 









1 
Offset 











1 





1 1 











14 


3 


Zero 


ANIW 


*wa,byte ((V)«(wa)) *- ((V).(wa)) A byte 

























Offset 








19 


3 












Data 






















ORIW 


*wa,byte ((V).(wa)) ^ ((V).(wa)) V byte 











1 













Offset 








19 


3 












Data 






















GTIW 


*wa,byte ((VHwa)) - byte - 1 








1 
















Offset 








13 


3 


No borrow 










Data 






















LTIW 


*wa,byte ((V).(wa)) - byte 








1 


1 













Offset 








13 


3 


Borrow 










Data 






















NEIW 


*wa,byte ((V)«(wa)) - byte 





1 


1 
















Offset 








13 


3 


No zero 










Data 






















EQIW 


*wa,byte ((V).(wa)) - byte 





1 


1 


1 













Offset 








13 


3 


Zero 










Data 






















ONIW 


*wa,byte ((VKwa)) A byte 





1 



















Offset 








13 


3 


No zero 










Data 






















OFFIW 


*wa,byte ((V).(wa)) A byte 





1 





1 
Data 







— - 






Offset 








13 


3 


Zero 



















■1^ 



Instruction Set (cont) 





Operand 


Operation 














Operation Code 














state 
(Notel) 


Bytes 




Mnemonic 


7 


6 


5 


4 


B1 

B3 
3 


2 


1 





7 


6 


5 


B2 

4 


1 

\ 

3 


2 


1 





Skip 
Condition 


16-Bit Arithmetic 


EADD 


EA,r2 


(EA)-(EA) + (r2) 


























1 














Ri 


Ro 




2 




DADD 


EA,rp3 


(EA)-(EA) + (rp3) 
























1 















Po 




2 




DADC 


EA,rp3 


(EA)-(EA) + (rp3) + (CY) 
























1 





1 









Po 




2 




DADDNC 


EA,rp3 


(EA)-(EA) + (rp3) 







































Po 




2 


No carry 


ESUB 


EA.r2 


(EA) — (EA) - (r2) 

























1 















Ro 




2 




DSUB 


EA.rpS 


(EA) — (EA) - (rp3) 
























1 














Po 




2 




DSBB 


EA.rpS 


(EA)-(EA)-(rp3)-(CY) 
























1 













Po 




2 




DSUBNB 


EA.rpS 


(EA) — (EA) - (rp3) 






































Po 




2 


No borrow 


DAN 


EA.rpS 


(EA)-(EA)A(rp3) 







































Po 




2 




DOR 


EA.rpS 


(EA)-(EA)V(rp3) 






































Po 




2 




DXR 


EA.rpS 


(EA)-(EA)^(rp3) 






































Po 




2 




DGT 


EA.rpS 


(EA)-(rp3)-1 



























1 











Po 




2 


No borrow 


DLT 


EA.rpS 


(EA)-(rp3) 



























1 










Po 




2 


Borrow 


ONE 


EA.rpS 


(EA)-(rp3) 
























1 


1 











Po 




2 


No zero 


DEQ 


EA.rpS 


(EA)-(rp3) 
























1 


1 










Po 




2 


Zero 


DON 


EA,rp3 


(EA)A(rp3) 
























1 














Po 




2 


No zero 


DOFF 


EA.rp3 


(EA)A(rp3) 
























1 













Po 




2 


Zero 


Multiply/Divide 


MUL 


r2 


(EA)-(A)x(r2) 





1 








1 

















1 





1 


1 


Ri 


Ro 


32 


2 




DIV 


r2 


(EA) ^ (EA) ^ (r2), (r2) — Remainder 





1 








1 

















1 


1 


1 


1 


Ri 


Ro 


59 


2 




Increment/Decrement 


INR 


r2 


(r2)-(r2) + 1 





1 














Ri 


Ro 


















4 


1 


Carry 


INRW 


*wa 


((V).(wa))-((V).(wa)) + 1 








1 























Offset 








16 


2 


Carry 


INX 


rp 


(rp)-(rp) + 1 








P1 


Po 








1 





















7 


1 






EA 


(EA)-(EA) + 1 


1 





1 





1 



























7 


1 




DCR 


r2 


(r2)-(r2)-1 





1 





1 








Ri 


Ro 


















4 


1 


Borrow 


DCRW 


*wa 


((V).(wa))-((V).(wa))-1 








1 


1 




















Offset 








16 


2 


Borrow 


DCX 


rp 


(rp) ^ (rp) - 1 








P1 


Po 








1 


1 


















7 


1 






EA 


(EA)-(EA)-1 


1 





1 





1 








1 


















7 


1 




Others 


DAA 




Decimal Adjust Accumulator 





1 


1 














1 


















4 


1 




STC 




(CY)-1 





1 








1 

















1 





1 





1 


1 


8 


2 




CLC 




(CY) — 





1 








1 

















1 





1 





1 





8 


2 





liistruction Set (cont) 





Operand 


Operation 














Operation Code 












state 
(Notel) 


Bytes 




Mnemonic 


7 6 5 


4 


B1 

B3 
3 


2 


1 





7 


8 


B2 
5 4 


3 


2 


1 





Sliip 
Condition 


Others (cont) 


NEGA 




(A) — (A) + 1 




- 








1 

















1 1 


1 





1 





8 


2 




Rotate and Shift 


RLD 




Rotate left digit (A3.0) — ((HL))7.4, ((HL))74 
-((HL))3.o,((HL))3-o-(A3.o) 


- 

























1 1 


1 











17 


2 




RRD 




Rotate rigtit digit ((HL))7.4 *- (A3.0), 
((HL))3.o - ((HL))7-4, (A3-0) ^ ((HL))3-0 


' 

























1 1 


1 








1 


17 


2 




RLL 


r2 


(r2.i.)^^,r2.Ur2o)-(CY), 




- 

























1 1 







Ri 


Ro 


8 


2 




RLR 


r2 


(r2m-i)-(r2m).(r27)-(CY), 
(CY)-(r2o) 




" 

























1 1 







Ri 


Ro 


8 


2 




SLL 


r2 


(r2m + l)^(r2mUr2o)^0,(CY)- 


(r27) 


- 

























1 







Ri 


Ro 


8 


2 




SLR 


r2 


(r2m-i)^(r2mUr27)-0,(CY)- 


(r2o) 


- 

























1 







Ri 


Ro 


8 


2 




SLLC 


r2 


(r2m + i)*-(r2mUr2o)-0,(CY)- 


(r27) 


- 

































Ri 


Ro 


8 


2 


Carry 


SLRC 


r2 


(r2m-i)-(r2mUr27)-0,(CY)- 


(r2o) 


- 

































Ri 


Ro 


8 


2 


Carry 


DRLL 


EA 


(EAn + i)-(EAnMEAo)-(CY), 
(CY)-(EAi5) 




- 



















1 





1 1 













8 


2 




DRLR 


EA 


(EAn-i)-(EAnUEAi5)-(CY). 
(CY)-(EAo) 




- 



















1 





1 1 













8 


2 




DSLL 


EA 


(EAn + i)-(EAnMEAo)^0. 
(CY) - (EA15) 
























1 





1 













8 


2 




DSLR 


EA 


(EAn_i)-(EAn),(EAi5)-0, 
(CY)-(EAo) 
























1 





1 














8 


2 




Jump 


JMP 


*word 


(PC) — word 










1 





1 












Low add 








10 


3 










High addr 






















JB 




(PCh)^(BMPCl)-(C) 




( 


) 1 














1 
















4 


1 






word 


(PC)^(PC) + 1+jdisp1 




1 






"jdispl "■ 




















10 


1 




JR 














*word 


(PC)*-(PC) + 2 + jdisp 













1 


1 


1 


















10 


2 




JRE 








jdisp 










JEA 




(PC) - (EA) 







1 





1 

















1 


1 











8 


2 




Call 


CALL 


*word 


((SP)-1)-((PC) + 3)h, 
((SP)-2) — ((PC) + 3)l, 
(PC)^word,(SP)^(SP)-2 







1 





















Low add 








16 


3 










High addr 






















CALB 




((SP)-1)-((PC) + 2)h. 
((SP)-2)-((PC) + 2)l, 
(PCh)-(B).(PCl)-(C), 
(SP) — (SP)-2 







1 





1 

















1 


1 








1 


17 


2 
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^ Instruction Set (cont) 





Operand 


Operation 












Operation Code 














State 
(Hotel) 


Bytes 




Mnemonic 


7 


8 


5 


4 


B1 

B3 
3 


2 1 





7 


6 


5 


B2 

B4 
4 


3 


2 


1 





Skip 
Condition 


Call (cont) 




*worcl 


((SP)-1)-((PG) + 2)h, 
((SP)-2)-((PG) + 2)l. 
(PCi5.li)- 00001, 
(PCio-o)^fa,(SP) — (SP)-2 





1 


1 


1 


1 












■ fa 










13 


2 




CALF 






















word 


((SP)-1)-((PC) + 1)h, 

((SP)-2)-((PC)-f1)L. 

(PCl) ^ (128 + 2ta), (PCh) — (129 + 2ta), 

(SP) — (SP)-2 


1 
































16 


1 




CALT 






la 






SOFT! 




((SP)-1)-(PSW),((SP)-2)- 
((PC) + 1)h,((SP)-3)-((PC) + 1)l, 
(PC) — 0060H,(SP) — (SP)-3 





1 


1 


1 





1 





















16 


1 




Return 


RET 




(PCl)-((SP)).(PCh)-((SP) + 1) 
(SP) — (SP) + 2 


1 





1 


1 


1 
























10 


1 




RETS 




(PCl)*-((SP)),(PCh)*-((SP) + 1) 
(SP) — (SP) + 2.(PC) — (PC)H-n 


1 





1 


1 


1 





1 


















10 


1 


Unconditional 
Skip 


RETI 




(PCl)-((SP)),(PCh)^((SP) + 1) 
(PSW) — ((SP) + 2), (SP) — (SP) + 3 





1 


1 








1 





















13 


1 




Skip 




*bit, wa 


Skipif((V).(wa))bit = 1 










1 


1 B2 Bi 


Bo 


- 






-Offset- 








10 


2 




BIT 










* 


Bit Test 


SK 


f 


Skipift = 1 













1 




















1 


F2 


Fl 


Fo 


8 


2 


f = 1 


SKN 


f 


Sklpiff = 













1 

















1 


1 


F2 


F1 


Fo 


8 


2 


f = 


SKIT 


irf 


Skip if Irf = 1, then reset irf 













1 











1 





I4 


I3 


h 


I1 


Iq 


8 


2 


irf = 1 


SKNIT 


irf 


Skip if irf = 

Reset irf if irf = 1 and don't skip 













1 











1 


1 


I4 


i3 


I2 


I1 


Iq 


8 


2 


irf = 


CPU Control 


NOP 




No operation 







































4 


1 




tl 




Enable interrupt 


1 





1 





1 


1 





















4 


1 




Dl 




Disable interrupt 


1 





1 


1 


1 


1 





















4 


1 




HLT 




Set HALT mode 





1 








1 














1 


1 


1 





1 


1 


12 


2 




STOP 




Set STOP mode 





1 








1 








1 





1 


1 


1 





1 


1 


12 


2 





NEC 
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8-Bit, Advanced Microcomputers 



NEC 



Section 6 

/iPD78K2 Series: 

S=Bit, Advanced Microcomputers 

mPD7821x 6-3 

Advanced, 8-Bit Real-Time Control 
Microcomputers With A/D Converter 

mPD7822x 6-63 

Advanced, 8-Blt Real-Time Control 
Microcomputers With Analog Comparators 

MPD7823X 6-119 

Advanced, 8-Bit Real-Time Control 
Microcomputers With A/D and D/A Converters 
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NEC 

NEC Electronics Inc. 



^PD7821x 

Advanced, 8- Bit 

Real-Time Control Microcomputers 

With A/D Converter 



Description 

The JJLPD78213, hlPD78214, and |jlPD78P214 are high-per- 
formance, 8-bit, single-chip microcomputers. They con- 
tain extended addressing capabilities for up to 1 M byte of 
external memory. The devices also integrate sophisticated 
analog and digital peripherals as well as two low- power 
standby modes that make them ideal for low- power/bat- 
tery backup applications. 

The plPD7821x family focuses on embedded control with 
features like hardware multiply and divide, two levels of 
interrupt response, four banks of main registers for multi- 
tasking, and macroservice for processor- independent 
peripheral and memory DMA. Augmenting this high-per- 
formance core are advanced components like a high-pre- 
cision A/D converter, two independent serial interfaces, 
several counter/timers for PWM outputs as well as a real- 
time output port. On board memory includes 512 bytes of 
RAM and 16K bytes of mask ROM, EPROM, or OTP ROM. 

The macroservice routine allows data to be transferred 
between any combination of memory and peripherals inde- 
pendent of the current program execution. The four banks 
of processor registers allow simplified context switching to 
be performed. Both features combined with powerful on- 
chip peripherals make this part Ideal for a wide variety of 
embedded control applications. 

Features 

D Complete single-chip microcomputer 
-8-bit ALU 

— 16K ROM 

— 512 bytes RAM 

— Both 1-bit and 8-bit logic 

D Instruction prefetch queue 
D Hardware multiply and divide 

D Memory expansion 

— 8085 bus-compatible 

— 64K program address space 

— 1M data address space 

D Large I/O capacity: up to 54 I/O port lines 
D Software pullup options 

D Extensive timer/counter functions 

— One 16-bit timer/counter/event counter 

— Three 8-bit timer/counter/event counter 



D Four timer-controlled PWM channels 
D Two 4-bit real-time output ports 

D Extensive interrupt handler 

— Vectored interrupt handling 

— Programmable priority 

— Macroservice mode 

D Two independent serial ports 

D Refresh output for pseudostatic RAM 

n On-chip clock generator 

— 12- MHz maximum CPU clock frequency 

— 0.33-|xs instruction cycle 

D CMOS silicon gate technology 
D 5 -volt power supply 



Ordering Information 




Part Number 


ROM 


Package 


|xPD78213CW 
JJIPD78213GQ-36 
KIPD78213GJ 
M,PD78213L 


ROMIess 


64-pin plastic shrink DIP 
64-pin plastic QUIP 
74-pin plastic QFP 
68-pin PLCC 


JJLPD78214CW 
(XPD78214GQ-36 
|xPD78214GJ 
M-PD78214L 


16KMask 
ROM 


64-pin plastic shrink DIP 
64-plastlcQUIP 
74-pin plastic QFP 
68-pin PLCC 


|xPD78P214CW 
|xPD78P214GQ-36 
JJIPD78P214GJ 
M-PD78P214L 


16K0TP 
ROM 


64-pin plastic shrink DIP 
64-pin plastic QUIP 
74-pin plastic QFP 
68-pin PLCC 


JXPD78P214DW 
M-PD78P214R 


16KUV 
EPROM 


64-pin shrink cerdip 
64-pin ceramic QUIP 



Note: 



A 74-pin plastic QFP that can be reflow soldered will be available. 
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SEC 



Pin Identification 



Symbol 


Function 


PO0-PO7 


Output port 


P2o/NMI 


Input port 2/Non- maskable Interrupt Input 


P2rP22/INTP0-INTP1 


Input port2/Externarinterrupt input/timer 
trigger 


P23/INTP2/CI 


Input port 2/Extefhal Interrupt input/ 
Clock Input , 


P24/INTP3 


Input port 2/External interrupt input/timer 
trigger 


P25/INTP4/ASCK 


Input port 2/External interrupt Input/ 
Asynchronous serial clock 


P26/INTP5 


Input port 2/External Interrupt input 


P27/SI 


Input port 2/SeriaHnput 


P3o/RxD 


I/O port 3/Serlal receive input 


P3i/TxD 


I/O port 3/Serlal transmit output 


P32/SCK 


I/O port 3/Serlal clock input/output 


P33/SO/SBO 


I/O port 3/Serlal output/Serial bus I/O 


P34-P37/TOO-TO3 


I/O port 3/Timeroutj3ut 


P40-PVAD0-AD7 


I/O port 4/L6wer address byte/data bus 


P5o-P57/A8-Ai5 


I/O port 5/Upper address byte 


P60-P63/A16-A19 


Output port 6/Extended address nibble 


P64/RD 


I/O port 6/Read strobe output 


P65/WR 


I/O port 6/Write strobe output 


P66/WAIT/AN6 


I/O port 6/Wait input/A/D converter input 


P67/REFRQ/AN7 


I/O port 6/Refresh output/A/D converter input 


P70-P75/AN0-AN5 


Input port 7/A/D converter input 


ASTB 


Address strobe output 


RESET 


External reset input 


EA 


External memory access control input 


X1,X2 


External crystal or external clock input 


AVref 


A/D converter reference voltage 


AVss 


Analog ground 


Vdd 


Positive power supply input 


Vss 


Power return; normally ground 


NC 


No connection 



Pin Configurations 

64'Pln Shrink DIP and QUIP (Plastic or Ceramic) 











P03C 


1 ^ 


J 64 


3P02 


PO4 c 


2 


63 DPO1 1 


P05C 


3 


62 


:3POo 


POeC 


4 


61 


P P37/T03 


P07 C 


5 
6 


60 
59 


b P36/T02 
3 P35/TOI 


P67/REFRQ/AN7C 


P66/WAIT/AN6 c 


7 


58 


b P34/T00 


P65/WRC 


8 


57 


3 P70/AN0 


P64/RDC 


9 


56 


DP71/AN1 


P63/A19C 


10 


55 


DP72/AN2 


P62/A18C 


11 


54 


1 P73/AN3 


P61/A17C 


12 


53 


3 P74/AN4 


P60/A16C 


13 


52 


1 P75/AN5 


RESET C 


14 


51 


:i AVref 


X2C 


15 


50 


:iAYss 


XIC 


16 


49 


3 Vdd 


VssC 


17 


48 


DEA 


P57/A15C 


18 


47 


DP33/SO/SBO 


P56/A14C 


19 


46 


DP32/SCK 


P55/A13C 


20 


45 


DP3i/TxD 


P54/A12 c 


21 


44 


DPSq/RxD 


P53/A11C 


22 


43 


3 P27/SI 


P52/Aiol= 


23 


42 


3 P26/INTP5 


PSi/AgC 


24 


41 


3 P25/INTP4/ASCK 


PSq/AqC 


25 


40 


3 P24/INTP3 


P47/AD7C 


26 


39 


IP23/INTP2/CI 


P46/AD6C: 


27 


38 


IP22/INTPI 


P45/AD5!: 


28 


37 


3 P2i/irfrpo 


P44/AD4C: 


29 


36 


DP2o/NMI 


P43/AD3C 


30 


35 


DASTB 


P42/AD2 C 


31 


34 


3 P4o/ADo 


VssC 


32 


33 


DP4i/ADi 








49TB-495A 
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HEC 



(juPD7821x 



68-PlnPLCC 






£:P:&:2:;^ r- <>i m -^ ui m t^ 
'<ii-eocM'>-"oh-~o>-c/3C/3c\jco'^iotDr^o 








nnnnnnnnnnnnnnnnn 










SS§tegBSSSiKg?^!^^!§5 




P25/INTP4/ASCK C 


61 


43 


DPSi/Ag 




P26/INTP5 C 


62 


42 


D P52/A10 




P27/SI c 


63 


41 


IP53/A11 




P3o/RxD C 


64 


40 


DP54/A12 




P3i/TxDC 


65 


39 


DP55/A13 




P32/SCKC 


66 


38 


3 P56/A14 




P33/SO/SBO C 


67 


37 


DP57/A15 




EAC 


68 


36 


:ivss 




vddi: 


1 


35 


:]vss 




vddi: 


2 


34 


1X1 




AVssC 


3 


33 


DX2 




AVrefC 


4 


32 


1 RESET 




P75/AN5C 


5 


31 


1 P60/A16 




P74/AN4 C 


6 


30 


3P6VA17 




P73/AN3 C 


7 


29 


D P62/A18 




P72/AN2 C 


8 


28 DP63/A19 




P7i/AN1C 


9 


27 


3 P64/RD 




\ 


O;:cv}co^u>cor.eo^gj^cvjco^u3^ 






UUUUUUUUUUUULJ1JU u u 






S: £ 2 £ £ 


EFRQ/AN7 

/WAIT/AN6 

P65/WR 






5 CD 

1^ 


49TB-500B 



6-5 



rxPD7821x 



SEC 



74-Pin Plastic QFP 





T- CM CO 't 10 
i-CMC0-^lOtDh»W</) 

£ £ £ £ £ £ S :^j?5^ ^ 


Uj ^ < $ ^ |dc 






X 


nnnnnnnnnnnnnnnnnn 








f2:S^?:S2g{SgSS2S5SSSfe 












56 


3 P65/WR 




PSo/AeC 
P47/AD7 C 


1 
2 





55 
54 


3 P66/WAIT/AN6 




3 P67/REFRQ/AN7 


P46/AD6C 


3 




53 


DPO7 




P45/AD5C 


4 




52 


DNC 




P44/AD4 t 


5 




51 


:]P06 




P43/AD3 C 


6 




50 


DP05 




P42/AD2 C 


7 




49 


DP04 




vssC 


8 




48 


DP03 




vssC 


9 




47 


DNC 




P4i/ADi C 


10 




46 


DPO2 




P4o/ADo C 


11 




45 


DPO1 




ASTBC 


12 




44 


iPOo 




NCC 


13 




43 


3 P37/TO3 




P2o/NMI C 


14 




42 


3 P36/T02 




P2i/INTP0 t: 


15 




41 


3 P35/TOI 




P22/INTP1 C 


16 




40 


iNC 




P23/INTP2/CI C 


17 




39 


D P34/TOO 




P24/INrP3 C 


18 


^S?;i?^?3^a^^?SS8sSiS?^S^&5 


38 


3 P7o/ANO 








uuuuuuuuuuuuuuuuuuu 








<Zcvi ^>-^> '^^^>^^rr 












49TB-501B 
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Pin Functions 

PO0-PO7. Port is an 8- bit, tristate output port with direct 
transistor drive capability. Port can also be configured as 
two 4- bit, real-time (timer-controlled) output ports. 

P2o-P27. Port 2 is an 8 -bit Input port with the programma- 
ble pullup option except for P2o and P2i . 

NMI. Non-maskable interrupt input. 

1NTP0-INTP5. External interrupt inputs. INTPO, INTP1, 
and INTP3 are timer capture trigger inputs. 

CI. External clock input to the timer. 

ASCK. Asynchronous serial clock input. 

SI. Serial data input for three-wire serial I/O mode. 

P3o-P37. Port 3 is an 8-bit tristate I/O port with the pro- 
grammable pullup option. 

RxD. Receive serial data input. 

TxD. Transmit serial data output. 

SCK. Serial shift clock output. 

SO. Serial data output for three-wire serial I/O mode. 

SBC. I/O bus for the clocked serial interface. 

TO0-TO3. Timer flip-flop outputs. 

P4o-P47. Port 4 is an 8-bit, bidirectional tristate port with 
the programmable pullup option. Port 4 has direct LED 
drive capability. 

AD0-AD7. Multiplexed address/data bus used with exter- 
nal memory or expanded I/O. 

P5o-P57. Port 5 is an 8-bit, bidirectional tristate port with 
the programmable pullup option. Port 5 has direct LED 
drive capability. 

A8-A15. Upper-order address bus used with external 
memory or expanded I/O. 

P60-P63. Pins P60-P63 of port 6 are outputs. 

Ai6-Ai9. Extended -order address bus used with external 
memory. 



P64-P67. Pins P64-P67 of port 6 are tristate l/Os with the 
programmable pullup option. 

RD. Read strobe output used by external memory (or data 
registers) to place data on the I/O bus during a read 
operation. 

WR. Write strobe output used by external memory (or data 
registers) to latch data from the I/O bus during a write 
operation. 



WAIT. Wait signal input. 

REFRQ. Refresh pulse output used by external pseudo- 
static memory. 

AN6, AN7. Analog voltage inputs to A/D converter. 

P7o-P75. Port 7 is a 6-bit input port. 

AN0-AN5. Analog voltage inputs to A/D converter. 

ASTB. Address strobe output used by external circuitry to 
latch the low-order 8 address bits during the first part of a 
read or write cycle. 

RESET. A low level on this external reset input sets all re- 
gisters to their specified reset values. This pin, together 
with P2o/NMI, sets the jjlPD78P214 In the PROM program- 
ming mode. 

EA. Control signal inputthat selects external memory (EA 
low) orjnternal ROM (EA high) as the program memory. 
When EA is low, |jlPD78214 is set in ROMIess mode and 
external memory Is accessed. 

XI, X2. For frequency control of the internal clock oscil- 
lator, a crystal Is connected to X1 and X2. If the clock is 
supplied by an external source, the clock signal is con- 
nected to X1 and the inverted clock signal is connected 
to X2. 
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|xPD7821x Block Diagram 
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FUNCTIONAL DESCRIPTION 

Timing 

The maximum clock frequency is 12 MHz. The clock Is de- 
rived from an external crystal or an external oscillator. The 
internal processor clock is two-phase and the machine 
states are executed at a rate of 6 MHz. The shortest in- 
structions require two states (333 ns). The CPU contains a 
one- byte instruction prefetch. This allows a subsequent 
instruction to be fetched during the execution of an Instruc- 
tion that does not reference memory. 

i\/lemory fAap 

The txPD7821x has 1M byte of address space. This 
address space is partitioned into 64K bytes of program 



memory starting at address OOOOOH. (See figure 1.) The 
remainder of the 1 M bytes can be accessed as data mem- 
ory space. 

External memory is supported by I/O port 4, an 8-blt multi- 
plexed address/data bus. The memory mapping register 
controls the size of external memory as well as the number 
of added wait states. The upper address byte is derived 
from port 5, and the extended address nibble is derived 
from port 6. 

The jjlPD78214 has on-chip mask ROM occupying the 
space from OOOOOH to 03FFFH. When the ROM is used 
and no other program or data space is required, ports 4, 5, 
and 6 are available as additional I/O ports. 



Figure 1. Memory Map 
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General- Purpose Registers 

The general-purpose registers are mapped into specific 
addresses in data memory. They are made up of four 
banks, each bank consisting of eight 8 -bit or four 16-bit 
registers. The register bank used is specified by a CPU 
instruction. This can be checked by reading RBSO and 
RBS1 in the program status word (PSW).The general- 
purpose register configuration Is shown In figure 2. 



Figure 2, 


Register Mapping 
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Special Registers 

There are three different special registers. The first is a 16- 
bit binary counter that holds the next program address to 
be executed and is named the program counter. The stack 
pointer is the second special 16-bit register. The stack 
pointer holds the address of the stack area (a last in, first 
out system). The third special register is an 8-bit program 
status word. This register contains various flags that are 
set or reset depending on the results of instruction execu- 
tion. The program status word format Is as follows: 

7 



IE 


Z 


RBS1 


AC 


RBSO 





ISP 


CY 



CY 


Carry flag 


ISP 


Interrupt priority status flag 


RBSO, RBS1 


Register bank selection flags 


AC 


Auxiliary carry flag 


Z 


Zero flag 


IE 


Interrupt request enable flag 



Special Function Registers 

These registers are assigned to special functions such as 
the mode and control registers for on-chip peripheral 
hardware. They are mapped into the 256- byte memory 
space from OFFOOH to OFFFFH. Table 1 is a list of special 
function registers. 
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Table 1. 


Special Function Registers 














Address 


SpecialFunction Register (SFR) Name 


Symbol 


R/W 


Handleable 

Bit Unit 
1 8 16 
Bit Bit Bit 


On Reset 


OFFOOH 


Porto 


PO 


R/W 








- 


Indeterminate 


0FF02H 


Port 2 


P2 


R 








- 


Indeterminate 


0FF03H 


Ports 


P3 


R/W 








- 


Indeterminate 


0FF04H 


Port 4 


P4 


R/W 








- 


Indeterminate 


0FF05H 


Ports 


P5 


R/W 








- 


Indeterminate 


0FF06H 


Porte 


P6 


R/W 








- 


xOH 


0FF07H 


Port? 


P7 


R/W 








- 


Indeterminate 


OFFOAH 


Port buffer register (low) 


POL 


R/W 








- 


Indeterminate 


OFFOBH 


Port buffer register (higii) 


POH 


R/W 








- 


Indeterminate 


OFFOCH 


Real-time output port control register 


RTPC 


R/W 








- 


OOH 


0FF10H, 
0FF11H 


16-bit compare register (16-bit timer/counter) 


CROO 


R/W 


- 


- 





Indeterminate 


0FF12H, 
0FF13H 


16-bit compare register 1 (16-bit timer/counter) 


CR01 


R/W 


- 


- 





Indeterminate 


0FF14H 


8-bit compare register (8-bit timer/counter 1 ) 


CR10 


R/W 


- 





- 


Indeterminate 


0FF15H 


8-bit compare register (8-bit timer/counter 2) 


CR20 


R/W 


- 





- 


Indeterminate 


0FF16H 


8-bit compare register (8-bit timer/counter 2) 


CR21 


R/W 


- 





- 


Indeterminate 


0FF17H 


8-bit compare register (8-bit timer/counter 3) 


CR30 


R/W 


- 





- 


Indeterminate 


0FF18H, 
0FF19H 


16-bit capture register (16-bit timer/counter) 


CR02 


R 


- 


- 





Indeterminate 


0FF1AH 


8-bit capture register (8-bit timer/counter 2) 


CR22 


R 


- 





- 


Indeterminate 


0FF1CH 


8-bit capture/compare register (8-bit timer/counter 1 ) 


CR11 


R/W 


- 





- , .. , 


Indeterminate 


0FF20H 


Porto mode register 


PMO 


W 


- 





- 


FFH 


0FF23H 


Port 3 mode register 


PM3 


W 


- 





- 


FFH 


0FF25H 


Port 5 mode register 


PM5 


w 


- - 





. - , 


FFH 


0FF26H 


Port 6 mode register 


PM6 


R/W 


- 





- 


FxH 


0FF30H 


Capture/compare control register 


CRCO 


W 


- 





- 


10H 


0FF31H 


Timer output control register 


TOC 


W 


- 





- 


OOH 


0FF32H 


Capture/compare control register 1 


CRC1 


W 


- - 





- 


OOH 


0FF34H 


Capture/compare control register 2 


CRC2 


W 


- 





- 


OOH 


0FF40H 


Pull-up option register 


PUO 


R/W 








- 


OOH 


0FF43H 


Port 3 mode control register 


PMC3 


R/W 








- 


OOH 


0FF50H, 
0FF51 H 


16-bittimerregisterO 


TMO 


R 


- 


- 





OOOOH 


0FF52H 


8-bit timer register 1 


TM1 


R 


- 





- 


OOH 
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Table 1. 


Special Function Registers (cont) 














Address 


Special Function Register (SFR) Name 


Symbol 


R/W 


Handieable 

Bit Unit 
1 a 16 
Bit Bit Bit 


On Reset 


0FF54H 


8-bit timer register 2 


TM2 


R 


- 





- 


OOH 


0FF56H 


8-bittlmer register 3 


TM3 


R 


- 





- 


OOH 


0FF5CH 


Prescaler mode register 


PRMO 


W 


- 





- 


OOH 


0FF5DH 


Timer control register 


TMCO 


R/W 


- 





- 


OOH 


0FF5EH 


Prescaler mode register 1 


PRM1 


W 


- 





- 


OOH 


0FF5FH 


Timer control register 1 


TMC1 


R/W 


- 





- 


OOH 


0FF68H 


A/D converter mode register 


ADM 


R/W 








- 


OOH 


0FF6AH 


A/p conversion result register 


ADCR 


R 








- 


Indeterminate 


0FF30H 


Clocked serial interface mode register 


CSIM 


R/W 








- 


OOH 


0FF82H 


Serial bus Interface control register 


SBIC 


R/W 








- 


OOH 


0FF86H 


Serial shift register 


SIO 


R/W 


- 





- 


Indeterminate 


0FF88H 


Asynchronous serial interface mode register 


ASIM 


R/W 








- 


80H 


0FF8AH 


Asynchronous serial Interface status register 


ASIS 


R 








- 


OOH 


0FF8CH 


Serial receive buffer: UART 


RxB 


R 


- 





- 


Indeterminate 


0FF8EH 


Serial send shift register: UART 


TxS 


W 


- 





- 


Indeterminate 


0FF90H 


Baud rate generator control register 


BRGC 


W 


- 





- 


OOH 


OFFCOH 


Standby control register 


STBC 


R/W 


- 





- 


OOOOxOOOB 


0FFC4H 


Memory expansion mode register 


MM 


R/W 








- 


20H 


0FFC5H 


Programmable wait control register 


PW 


R/W 








- 


80H 


0FFC6H 


Refresh mode register 


RFM 


R/W 








- 


OOH 


OFFEOH 


Interrupt request flag register L 


IFOL IFO 


R/W 











OOOOH 


0FFE1H 


Interrupt request flag register H 


IFOH 


R/W 










OOOOH 


0FFE4H 


Interrupt mask flag register L 


MKOL MKO 


R/W 











FFFFH 


0FFE5H 


Interrupt mask flag register H 


MKOH 


R/W 










FFFFH 


0FFE8H 


Priority specification flag register L 


PROL PRO 


R/W 











FFFFH 


0FFE9H 


Priority specification flag register H 


PROH 


R/W 










FFFFH 


OFFECH 


Interrupt service mode specification flag register L 


ISMOL ISMO 


R/W 











OOOOH 


OFFEDH 


Interrupt service rriode specification flag register H 


iSMOH 


R/W 










OOOOH 


0FFF4H 


External interrupt mode register 


INTMO 


R/W 








- 


OOH 


0FFF5H 


External interrupt mode register 1 


INTM1 


R/W 








- 


OOH 


0FFF8H 


Interrupt status register 


1ST 


R/W 








- 


OOH 
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Input/Output Ports 

Port is a byte programmable tristate output port. Port 2 is 
bit selectable as input or control pins. Port 3 is bit pro- 
grammable as input, output, or control pins. Port 4 is byte 
programmable as an I/O port or as the external address/ 
data bus. Port 5 is bit programmable as I/O or the upper 
address byte. Port 6 is bit programmable as I/O, control 
pins, or the extended address nibble. Port 7 is an input 
only port. 

Real-Time Output Port 

The real-time output port (figure 3) shares pins with port 0. 
The high and low nibbles may be treated separately or to- 
gether. In the real-time output function, data stored be- 
forehand in the buffer register is transferred to the output 
latch simultaneously with the generation of either a timer 
interrupt or external interrupt. Using the real-time output 
function In conjunction with the macroservlce function 
enables port to output preprogrammed patterns at pre- 
programmed variable time intervals. 



A/D Converter 

The |xPD7821x A/D converter (figure 4) uses the succes- 
sive-approximation method of converting any or all of the 
eight multiplexed analog inputs into 8- bit digital data. This 
data is stored in a result register that can be accessed at 
any time. The conversion time is 30 |jls at 12-MHz opera- 
tion. Quantization error Is ±1/2 LSB; maximum full-scale 
error is 0.4%. 

There are two methods for starting the A/D conversion 
operation, bonversion may be started by hardware by 
using an external interrupt as a trigger. The second method 
of starting conversion is with a software dommand. 

There are also two methods by which the fjLPD7821x will 
operate after conversion has begun. The first, the scan 
method, selects several analog input signals sequentially 
and obtains data from each pin producing an interrupt with 
each conversion. The converted data can be successively 
transferred to memory by using the macroservlce function. 
The second, the select mode, chooses any one input 
and the result is updated continuously, with or without In- 
terrupt generation depending on the chosen start method. 



Figure 3. Real-Time Output Port 
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Figure 4. Analog-to-Digital Converter 
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Serial Interface 

The |jiPD7821x has two independent serial interfaces. 

• Asynchronous serial interface (UART) (figure 5) 

• Clock-synchronized serial interface (figure 6) 

A universal asynchronous receiver transmitter (UART) is 
used as an asynchronous serial interface. This interface 
transfers one byte of data following a start bit. The 
|yLPD7821x contains a baud rate generator. This allows 
data to be transferred over a wide range of transfer rates. 
Transfer rates nfiay also be defined by dividing the clock 
input to the ASCK pin. Transfer rates may also be generat- 
ed by 8-bit timer counter 3. 



The clock-synchronized serial interface has two different 
modes of operation: 

• Three-line serial I/O mode. 

In this mode, data 8 bits long is trarisferred along three 
lines: a serial clock (SGK) line and two serial bus lines 
(SO and SI). This mode is convenient when the 
jjlPD7821x is connected to peripheral l/Os and display 
controllers that have the conventional clock- 
synchronized serial interface. 

• Serial bus interface mode (SBI). 

In this mode the |jlPD7821x can communicate data with 
several devices using the serial clock (SGK) and the se- 
rial data bus (SBO) lines. This mode conforms to NEC's 
serial bus format. In SBI mode, addresses that select a 
device to communicate with, commands that direct the 
device, and actual data are output to the serial data bus. 
A handshake line, which was required for connecting 
several devices in the conventional clock-synchronized 
serial interface, Is not needed. 
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Figure 5. Asynchronous Serial Interface 
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Figure 6. Clock-Synchronized Seriai Interface 
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Timer/Counters 

The jjlPD7821X has four timer/counters: one 16-bit and 
three 8-bit. The 16-bit timer/counter (figure 7) has the 
basic functionality of an interval timer, a programmable 
square-wave output, and a pulse width measurer. These 
functions can provide a digital delayed one-shot output, a 
pulse width modulated output, and a cycle measurer. 



The first two 8-bit timer/counters can provide the basic 
functions of an interval timer and a pulse width measurer. 
Timer/counter 1 can also be used as a timer for output 
trigger generation for the real-time output port. Timer/ 
counter 2 can also provide an external event counter, a 
one-shot timer, a programmable square-wave output, a 
pulse-width modulated output, and a cycle measurer. 
Timer/counter 3 can operate as an internal timer or as a 
counter to generate clocks for a baud rate generator. See 
figures 8, 9, and 10. 



Figure 7. 16-Bit Timer/Counter 
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Figure 8. S-Bit Timer/Counter 1 
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figure 9. 8-Bit Timer I Counter 2 
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Interrupts 

There are 20 interrupt request sources; each source is allo- 
cated a location in the vector table. (See table 2.) There is 
one software interrupt request and one of the remaining 19 
interrupts is non-maskable. The software interrupt and the 
non-maskable interrupt are unconditionally received even 
in the Dl state. These two interrupts possess the maximum 
priority. The maskable interrupt requests are subject to 
mask control by the setting of the interrupt mask flag. 



There are default priorities associated with each maskable 
interrupt and these can be assigned to either of two pro- 
grammable priority levels. Interrupts may be serviced by 
the vectored Interrupt method where a branch to a desired 
service program is executed. Interrupts may also be handled 
by the macroservice function where a preassigned proc- 
ess is performed without program intervention. 
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Figure 10. 8- Bit Timer/Counter 3 
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Tabie 2. interrupt Sources and Vector Addresses 



Interrupt 
Request 
Type 


Default 
Priority 


Interrupt Request Generation Source 


Macroservice 
Mode 


Vector 

Table 

Address 


Software 


None 


BRK instruction execution 


- 


003EH 


Non-maskable 


None 


NMI (pin Input edge detection) 


- 


0002H 



Maskable 






INTRO (pin input edge detection) 


Yes 


0006H 


1 


INTP1 (pin input edge detection) 


Yes 


0008H 


2 


INTP2 (pin input edge detection) 


Yes 


OOOAH 


3 


INTP3 (pin Input edge detection) 


Yes 


OOOCH 


4 


INTCOO (TMO-CROO coincidence signal generation) 


Yes 


001 4H 


5 


INTC01 (TM0-CR01 coincidence signal generation) 


Yes 


001 6H 


6 


INTC1 (TM1 -CR1 coincidence signal generation) 


Yes 


001 8H 


7 


INTC11 (TM1-CR11 coincidence signal generation) 


Yes 


001 AH 


8 


INTC21 (TM2-CR21 coincidence signal generation) 


Yes 


001 CH 


9 


INTP4 (pin Input edge detectlon)/INTC30 (TM3-CR30 coincidence signal generation) 


Yes 


OOOEH 


10 


INTP5 (pin Input edge detectlon)/INTAD (end of A/ D conversion) 


Yes 


001 OH 


11 


INTC20 (TM2-CR20 coincidence signal generation) 


Yes 


001 2H 


12 


INTSER (generation of asynchronous serial Interface receive error) 


- 


0020H 


13 


INTSR (end of asynchronous serial Interface reception) 


Yes 


0022H 


14 


INTST (end of asynchronous serial Interface transmission) 


Yes 


0024H 



15 



INTCSI (end of clocked serial Interface transmission) 



Yes 



0026H 
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Macroservice 

The macroservice function can be programmed to transfer 
data from a special function register to memory or from 
memory to a special function register. Transfer events are 
triggered by interrupt requests and take place without soft- 
ware intervention. There are 17 interrupt requests where 
macroservicing can be executed. The macroservice func- 
tion Is controlled by the macroservice mode register and 
the macroservice channel pointer. The macroservice 
mode register assigns the macroservicing mode and the 
macroservice channel pointer indicates the address of the 
memory location pointers. The location of each register 
and its corresponding interrupt is shown in figure 1 1 . 

Refresh 

The refresh signal is used with a pseudostatic RAM. The 
refresh cycle can be set to one of four intervals ranging 
from 2.6 to 21 .3 |xs. The refresh is timed to follow a read or 
write operation so there is no interference. 

Standby Modes 

Halt and stop functions reduce system power consump- 
tion. In the halt mode, the CPU stops and the system clock 
continues to run. A release of the halt mode is initi ated by 
an unmasked interrupt request, an NMI, or a RESET 
input. In the stop mode, the CPU and system clock are 
both stopped, reducing the power consumption even 
further. The stop mode is released by an NMI input or a 
RESET input. 



Figure 1 1. Macroservice Control Word Map 



OFEDFH 


Channel Pointer 


OFEDEH 


Mode Register 


OFEDDH 


Channel Pointer 


OFEDCH 


Mode Register 


OFEDBH 


Channel Pointer 


OFEDAH 


Mode Register 


0FED9H 


Channel Pointer 


0FED8H 


Mode Register 


0FED7H 


Channel Pointer 


OFEDBH 


Mode Register 


0FED5H 


Channel Pointer 


0FED4H 


Mode Register 


0FED3H 


Channel Pointer 


0FED2H 


Mode Register 


0FED1H 


Channel Pointer 


OFEDOH 


Mode Register 


OFECFH 


Channel Pointer 


OFECEH 


Mode Register 


OFECDH 


Channel Pointer 


OFECCH 


Mode Register 


OFECBH 


Channel Pointer 


OFECAH 


Mode Register 


0FEC9H 


Channel Pointer 


0FEC8H 


Mode Register 


0FEC7H 


Channel Pointer 


0FEC6H 


Mode Register 


OFECBH 


Channel Pointer 


0FEC4H 


Mode Register 


0FEC3H 


Channel Pointer 


0FEC2H 


Mode Register 



INTSR 



INTST 



INTCSI 



INTC10 



INTC11 



INTP4/INTC30 



INTP5/INTAD 



- INTCOO 



INTC01 



INTC20 



INTC21 



INTPO 



- INTP1 



INTP2 



INTP3 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 



Item 


Symbol 


Conditions 


Rating 


Unit 


Operating voltage 


Vdd 


■ 


-0.5 to +7.0 


V 




AVref 




-O.StoVoD 


V 




AVss 




-0.5 to +0.5 


V 


Input voltage 


v,i 


Note 1 


-0.5toVDD + 0.5 


. V 




V,2 


Note2 


-0.5toAVREF + 0.5 


V 




V,3 


Note3;for|jLPD78P214 


-0.5 to +13.5 


V 


Output voltage 


Vo 




-0.5toVDD + 0.5 


V 



Low- level output current 



lOL 



One output pin 



All output pins total 



Notes: : 

(1) Pins P7o-P75/ANO-AN5, PSe/WAIT/ANe, and P67/REFRQ/AN7 
except when Note 2 is applicable. 

(2) Pin used as tiie A/D converter input or pin selected by bits ANIO- 
ANI2 of theADM register wiien the A/D converter is not in operation. 

(3) P2o/NMI, EA/Vpp, and P21/INTPO/A9 pins in the PR0I\4 program- 
ming mode. 



30 (peak) 



15 (mean value) 



150 (peak) 



mA 



mA 



mA 









100 (mean value) 


mA 


High-level output current 


"OH 


One output pin 


-2 


mA 






All output pins total 


-50 


mA 


Operating temperature 


TopT 




-40to+85 


°c 


Storage temperature 


TSTG 




-65 to + 150 


°C 



Operating Frequency 






Oscillation Frequency 


Ta 


Vdd 


fXX = 4to12MHz 


-40to+85°C 


+5V±10% 



Capacitance 

Ta=+25»C;Vdd = 


Vss 


= ov. 




Item 




Symbol lyp Max Unit 


Conditions 


Input capacitance 




C| 20 pF 


f= 1MHz; pins not 


Output capacitance 




Co 20 pF 


used for measure- 
ment are at V 


Input/output capacitance 


C|o 20 pF 
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DC Characteristics 

TA = -40to+85°C;VDD = 


+5V±10%;Vss = 


ov. 










Item 


Symbol 


Conditions 


MIn 


TVP 


Max 


Unit 


Low-level input voltage 


VlL 









0.8 


V 


High-levellnput voltage 


V|H1 


Except the specified pins (Notes 1 , 2) 


2.2 




Vdd 


V 




V|H2 


Specified pins (Note 1) 


2.2 




AVref 


V 




VlH3 


Specified pins (Note 2) 


0.8 Vdd 




Vdd 


V 


Low-level output voltage 


V0LI 


Iql = 2.0 mA 






0.45 


V 




V0L2 


l0L = 8.0 mA (Note 3) 






1.0 


V 


High-level output voltage 


V0HI 


IOH = -10mA 


Vdd-10 






V 




V0H2 


IOH = -100tJiA 


Vdd-0.5 






V 




V0H3 


l0H = -5.0 mA (Note 4) 


2.0 






V 


Input leakage current 


Ili 


OV<V,<Vdd 






±10 


M-A 


Output leakage current 


Ilo 


OV<Vo^Vdd 






±10 


M-A 


AVref current 


AIref 


Operating mode, fxx = 12 MHz 




1.5 


5.0 


mA 


Vdd power supply current 


•ddi 


Operating mode, fxx = 12 MHz 




20 


40 


mA 




•dD2 


HALT mode, fxx =12 MHz 




7 


20 


mA 


Data retention voltage 


Vdddr 


STOP mode 


2.5 




5.5 


V 


Data retention current 


'dddr 


STOP mode Vdddr = 2.5V 




2 


20 


jjiA 




Vdddr = 5V± 10% 




5 


50 


J.A 


Pullup resistor 


Rl 


V| = OV 


15 


40 


80 


ka 



Notes: 

(1) Pins P7o-P75/ANO-AN5, PSe/WAIT/ANe, and P67/REFRQ/AN7 
when the pin is used as the A/D converter input or is selected by bits 
ANI0-ANI2 of the ADM register when the A/D converter is not in 
operation^ ^ 

(2) XI, X2, RESET, P2o/NMI, P2i/INTP0, P22/iNTP1, P23/INTP2/CI, 
P24/INTP3, P25/INTP4/ASCK, P26/INTP5, P27/SI, P32/SCK, 
P33/SO/SBO, and EA pins. 

Figure 12. Voltage Thresholds for Timing Measurements 



(3) Pins P40-P47/AD0-AD7 and P50-P57/A8-A15. 

(4) PinsPOo-P07. 
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Read/Write Opieration 

Ta = -40 to +85'*C; Vpo - +5 V ± 10%; Vss = 


= 0V;fxx=12MHz;CL 


= 100pF. 








Item 


Symbol 


Conditions 


Min 


Max 


Unit 


X1 input clock cycle time 


tCYX 




82 


250 


ns 


Address setup time to ASTB i 


*SAST 




52 




ns 


Address hold time from ASTB i (Note 1 ) 


tHSTA 


RL==5kn,CL = 50pF 


25 




ns 


AddresstoRDidelaytime 


tpAR 




129 




ns 


Address float time from RD i 


tpAR 




11 




ns 


Address to data input time 


tpAID 






228 


ns 


ASTB i to data input time 


bSTID 






181 


ns 


RDi to data input time 


tpRID 






99 


ns 


ASTB itoRDi delay time 


tbSTR 




52 




ns 


Data hbid time from RD t 


*HRID 









ns 


RD t to address active time 


tpRA 




124 




ns 


RD t to ASTB t delay time 


tpRST 




124 




ns 


RD low-level width 


tWRL 




124 




ns 


ASTB high-level width 


twSTH 




52 




ns 


AddresstoWRi delay time 


bAW 




129 




ns 


ASTB i to data output time 


*DSTOD 






142 


ns 


WR i to data output time 


toWOD 






60 


ns 


ASTB itoWRi delay time 


bSTWI 




52 




ns 




tDSTW2 


Refresh mode 


129 




ns 


Data setup time to WR t 


tsODWR 




146 




ns 


Data setup time to WR i (Note 1 ) 


tSODWF 


Refresh mode 


22 




ns 


Data hold time from WRt 


tHWOD 




20 




ns 


WR t to ASTB t delay time 


toWST 




42 




ns 


WR low-level width 


twWL1 




196 




ns 




twWI_2 


Refresh mode 


114 




ns 


Address to WAIT i input time 


tOAWT 






146 


ns 


ASTB i to WAIT iinputtime 


toSTWT 






84 


ns 


WAIT hold time from X1 i 


tHWTX 









ns 


WAIT setup time to X1 t 


tSWTX 









ns 



Notes: 

(1) The hold time includes the time during which Vqh and Vql are 
retained under the following load conditions: Cl = 100 pF and 
RL = 2kft. 
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Figure 13. Read Operation Timing 
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Figure 14. Write Operation Timing 



NEC 



^CYX" 



X3C 



AD0-AD7 — / \ Address \ 

t. 



^SAST 



XX 
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ASTB 
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WR 



HSTA 

DSTOD- 

DWOD 



<X 
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Output Data 
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■^SODWR- 
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/ 



y V 
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Figure 15. External WAIT Input Timing 
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Serial Port Operation 

Ta = -40 to +85°C; Vpo = +5 V ± 10%; Vgs = 


= 0V;fxx = 12MHz; 


Cl = 100 pF. 








Item 


Symbol 


Conditions 


MIn 


Max 


Unit 


Serial clock cycle time 


tCYSK 


Input 


External clock 


1.0 




ixs 




Output 


Internal clock/1 6 
Internal clock/64 


1.3 
5.3 




M,S 
fJlS 


Serial clock low-level width 


tWSKL 


Input 


External dock 


420 




ns 




Output 


Internal clock/ 16 
Internal clock/64 


556 
2.5 




ns 


Serial clock high-level width 


twSKH 


Input 


External clock 


420 




ns 




Output 


Internal clock/1 6 
Internal clock/64 


556 
2.5 




ns 
fxs 


SI, SBO setup time to SCK t 


tSSSK 






150 




ns 


SI, SBO hold time from SCK i 


tHSSK 






400 




ns 



SO/SBO output delay time from SCK t 



toSBSKi 



CMOS push-pull output 
(3-line serial I/O mode) 



300 





tDSBSK2 


Open -drain output 
(SBImode),RL = 1ka 





800 


ns 


SBO high, hold time from SCK t 


tHSBSK 


SBImode 


4 




tCYX 


SBO low, setup time to SCK i 


tsSBSK 


SBImode 


4 




tCYX 


SBO low-level width 


twSBL 




4 




tCYX 


SBO high-level width 


twSBH 




4 




tCYX 


RxD setup time to SCK r 


tSRXSK 




80 




ns 


RxD hold time after SCK t 


tHSKRX 




80 




ns 


SCK i to TxD delay time 


bSKTX 






210 


ns 
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Figure 16. Three-Une Serial I/O Timing 
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*CYSK » | ^ » |^ » | l^—tHSSK— ► 

^DSBSK 2 2gSSK 

Y^ \ Input/Output Data ^ 



H z: 



x: 
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Figure 17. Asynchronous Mode Timing 
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\ 
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-tDSKTX- 
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A/D Converter Operation 

Ta = -40 to +85°C; Vqd = + 5 V ± ' 


0%;Vss = 


= AVss = OV. 












Item 




Symbol 


Conditions 




Min 


lyp 


Max 


Unit 


Resolution 










8 






Bit 


Full-scale error 






AVREF = 4.0VtoVDD;TA = 


-10to+70°C 






0.4 


% 




AVREF = 3.4VtoVDD;TA = 


-loto+yo-'C 






0.8 


% 




AVref = 4.0 VtoVoD 








0.8 


% 


Quantization error 














±1/2 


LSB 


Conversion time 




tCONV 


82ns^tcYX = 125ns 




360 






tCYX 




125 nsStcYX^ 250 ns 




240 






tCYX 


Sampling time 




tSAMP 


82ns^tcYX = 125ns 




72 






tCYX 




125 ns^tcYx^ 250 ns 




48 






tCYX 


Analog input voltage 




VlAN 











AVref 


V 


Input impedance 




Ran 








1000 




Mn 


Analog reference voltage 




AVref 






3.4 




Vdd 


V 


AVref current 




AIref 


Operating mode, fxx = 12 MHz 




1.5 


5.0 


mA 




STOP mode 






0.2 


1.5 


mA 
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Interrupt Timing Operation 



Item 


Symbol Conditions MIn 


Max Unit 


NM!!ovv-!8Vs! width 


tWNIL 


10 


^JLS 


NMI high-level width 


tWNIH 


10 


JJLS 


INTPO- INTP5 low-level width 


tWITL 


24 


tCYX 


INTP0-INTP5 high-level width 


tWITH 


24 


tCYX 


RESET low-level width 


tWRSL 


10 


M,S 


RESET high-level width 


tWRSH 


10 


flS 



Figure 18. Interrupt Input Timing 




INTPO- 
INTP5 



-tWITH- 



0.8Vdd\ 
0.8 V\ 



-tyviTL- 




Figure 19. Reset Input Timing 



Data Retention Characteristics 




Item 


Symbol 


Conditions 


MIn 


TVP 


Max 


Uhlt 


Data retention voltage 


Vdddr 


STOP mode 


2.5 




5.5 


V 


Data retention current 


'dddr 


Vdddr = 2.5 V 




2 


15 


mA 




VdDDR = 5V±10% 




5 


20 


JiiA 


Vdd rise time 


tRVD 




200 






M-S 


Vdd fall time 


tpVD 




200 






M-S 


Vdd retention time 
(for STOP mode setting) 


tHVD 











ms 


STOP release signal input time 


tOREL 











ms 


Oscillation stabilization wait time 


tWAIT 


Crystal oscillator 


30 






ms 




Ceramic resonator 


5 






ms 


Low-level input voltage 


V,L 


Specified pins (Note 1) 







0.1 Vdddr 


V 


High-level input voltage 


V|H 




0.9 Vdddr 




Vdddr 


V 



Notes: 



(1) RESET, P2o/NMi, P2i /INTPO, P22/INTPI, P2.VINTP2/CI, P24/ 
INTP3, P25/INTP4/ASCK, P26/INTP5, P27/SI, PSg/SCK, PSg/SO/ 
SBO, and tk pins. 
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Figure 20. Data Retention Characteristics 
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Timing Dependent on tcYx 


Item 


Symbol 


Calculation Formula 


Min/Max 


12 MHz 


Unit 


X1 input ciock cycle time 


tCYX 




Min 


82 


ns 


Address setup time to ASTB i 


*SAST 


tcYX-30 


Min 


52 


ns 


AddresstoRDi delay time 


tpAR 


2tcYX-35 


Min 


129 


ns 


Address float time from RD i 


tpAR 


tcYx/2-30 


Min 


11 


ns 


Address to data input time 


bAID 


{4+2n)tcYX-100 


Max 


228 


ns 


ASTB i to data input time 


toSTID 


(3+2n)tcYX-65 


Max 


181 


ns 


RDi to data input time 


bRID 


(2+2n)tcYX-65 


Max 


99 


ns 


ASTB i to RDi delay time 


bSTR 


tcYX-30 


Min 


52 


ns 


RD t to address active time 


bRA 


2tcYX-40 


Min 


124 


ns 


RDttoASTBt delay time 


bRST 


2tcYX-40 


Min 


124 


ns 


RD low-level width 


tWRL 


(2+2n)tcYX-40 


Min 


124 


ns 


ASTB high-level width 


twSTH 


tcYX-30 


Min 


52 


ns 


Address to WR i delay time 


bAW 


2tcYX-35 


Min 


129 


ns 


ASTB i to data output time 


toSTOD 


tcYX + 60 


Max 


142 


ns 


ASTB itoWRi delay time 


bSTW1 


tCYX-30 


Min 


52 


ns 




tDSTW2 


2tcYX-35 
(refresh mode) 


Min 


129 


ns 


Data setup time to WR t 


tsODWR 


(3+2n)tcYX-100 


Min 


146 


ns 


Data setup time to WRi 


tsODWF 


tcYX-60 
(refresh mode) 


Min 


22 


ns 


WRttoASTBt delay time 


toWST 


tcYX-40 


Min 


42 


ns 


WR low-level width 


twWL1 


(3+2n)tcYX-50 


Min 


196 


ns 




twWL2 


(2+2n)tcYX-50 
(refresh mode) 


Min 


114 


ns 


Address to WAIT i input time 


tDAWT 


3tcYX-100 


Max 


146 


ns 


ASTB i to WAIT i input time 


tDSTWT 


2tcYX-80 


Max 


84 


ns 



Notes: 

(1 ) n indicates the number of wait states. 
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Figure 21 . Recommended Oscillator Circuit 
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Figure 22. Recommended External Clock Circuit 
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External Clock Operation 



Item 


Symbol 


Conditions 


Min 


Max 


Unit 


X1 input low-level width 


twXL 




30 


130 


ns 


X1 input liigh-levelwidtli 


twXH 




30 


130 


ns 


X1 input rise time 


tXR 







30 


ns 


Xrmputfalltinfie 


tXF 







30 


ns 


X1 input clock cycle time 


tCYX 




82 


250 


ns 



Figure 23. External Clock Timing 
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|juPD78P214 PROGRAMMING 

In the 78P214, the mask ROM of 78214 is replaced by a 
one-time programmable ROIVI (OTP ROIVI) or a repro- 
grammable, ultraviolet erasable ROM (UV EPROM). The 
ROM is 1 6,384 x 8 bits and can be programmed using a 
general-purpose PROM writer with a |jiPD27C256A pro- 
gramming mode. 

The PA-78P214CW/GJ/GQ/L are the socket adaptors 
used for configuring the jjiPD78P214 to fit a standard 
PROM socket. 

Refer to tables 3 through 6 and figures 24 and 25 for spe- 
cial information applicable to PROM programming. 



Table 3. Pin Functions During EPROM Programming 



Pin 




Function 


PO0-PO7 


A0-A7 


Input pins for PROM write/verify 
operations 


P5o/A8 


As 


Input pin for PROM write/verify operation 


P2i /INTRO 


A9 


Input pin for PROM write/verify operation 


P52-P56/Aio-Ai4 


A10-A14 


Input pins for PROM write/verify 
operations 


P40-P47/AD0-AD7 D0-D7 


Data pins for PROM write/verify 
operations 


P65/WR 


CE 


Strobe data into the PROM 


P64/RD 


OE 


Enable a data read from the PROM 


P2o/NMI 


NMI 


PROM programming mode is entered by 
applying a high voltage to this pin 


RESET 


RESET 


PROM programming mode requires 
applying a low voltage to this pin 


EA 


Vpp 


High voltage applied to this pin for 
program write/verify 


Vdd 


Vdd 


Positive power supply pin 


Vss 


Vss 


Ground 



Table 4. Summary of Operation Modes for PROM Programming 



Mode 


urn 


RESET 


CE 


OE 


Vpp 


Vdd 


D0-D7 


Program write 


+ 12.5V 


L 


L 


H 


+ 12.5V 


+6V 


Data input 


Program verify 


+ 12.5V 


L 


H 


L 


+ 12.5V 


+6V 


Data output 


Program inhibit 


+ 12.5V 


L 


H 


H 


+ 12.5V 


+6V 


HighZ 


Readout 


+ 12.5V 


L 


L 


L 


+5V 


+5V 


Data output 


Output disable 


+ 12.5V 


L 


L 


H 


+5V 


+5V 


HighZ 


Standby 


+ 12.5V 


L 


H 


L/H 


+5V 


+5V 


HighZ 



Notes: 

When + 12.5 V is applied to Vpp and +6 V to Vdd, both CE and OE cannot 
be set to low level (L) simultaneously. 



6-34 



\xPD7821x 



Tables. DC Programming Characteristics 

Ta = 25 ±5°C, V|p = 12.5 ± 0.5 V applied to NMI pin, Vss = V. 


Parameter 


Symbol 


Symbol* 


Condition 


Min 


tVp 


Max 


Unit 


Higii-levei input voltage 


V|H 


V|H 




2.4 




Vddp +0-3 


V 


Low-level input voltage 


V|L 


V|L 




-0.3 




0.8 


V 


Input leakage current 


Vlip 


Vli 


O^Vi<Vddp 






10 


KlA 


High-level output voltage 


V0H1 


VOH 


IOH = -400^IA 


2.4 






V 




V0H2 


VoH2 


IOH=-100^tA 


Vdd-0.7 






V 


Low-level output voltage 


Vol 


Vol 


l0H = 2.1 mA 






0.45 


V 


Output leakage current 


Ilo 




0<Vo^Vdpp,OE = V|h 






10 


M,A 


NMI pin high-voltage input current 


iip 










±10 


fiA 


Vddp power voltage 


Vddp 


Vqc 


Program memory write mode 


5.75 


6.0 


6.25 


V 




Program memory read mode 


4.5 


5.0 


5.5 


V 


Vpp power voltage 


Vpp 


Vpp 


Program memory write mode 


12.2 


12.5 


12.8 


V 




Program memory read mode 




Vpp = 


Vddp 


V 


Vddp power current 


'dd 


Ice 


Program memory write mode 




5 


30 


mA 




Program memory read mode 
CE = V,L,V, = V,H 




5 


30 


mA 


Vpp power current 


Ipp 


Ipp 


Program memory write mode 
CE = V,L,OE = V,H 




5 


30 


mA 




Program memory read mode 




1 


100 


jjiA 



Corresponding symbols of the fjiPD27C256A. 



Table 6. AC Programming Characteristics 

Ta = 25 ±5°C, V|p = 12.5 ± 0.5 V applied to NMI pin, Vgs 


= OV,Vdd = 


= 6 ±0.25 V, Vpp =12.5 


±0.3 V. 








Parameter 


Symbol 


Symbol* 


Condition 


Min 


Typ 


Max 


Unit 


Address setup time to CE i 


tSAC 


tAS 




2 






M-S 


DatatoOEi delay time 


tpDOO 


tOES 




2 






|XS 


Input data setup time to CE i 


tsiDC 


tDS 




2 






M-S 


Address hold time from CE t 


tHCA 


tAH 




2 






[X.S 


Input data hold time from CE t 


tHCID 


tDH 




2 






[LS 


Output data hold time to OE t 


tHOOD 


tDF 









130 


ns 


Vpp setup time to CEi 


tsvpc 


typs 




1 






ms 


Vddp setup time to CEi 


tSVDC 


tVDS 




1 






ms 


Initial program pulse width 


%L1 


tpw 




0.95 


1.0 


1.05 


ms 


Additional program pulse width 


tWL2 


topw 




2.85 




78.75 


ms 


NMI hiph-voltage input setup time 
(vs. CEi) 


tSPC 






2 






[X.S 


Address to data output time 


tOAOD 


tACC 


CE = OE = V|L 






200 


ns 


CE i to data output time 


tDCOD 


tCE 


OE = V,L 






200 


ns 


OEi to data output time 


bOOD 


tOE 


CE = V,L 






75 


ns 


Data hold time from OE t 


tHOOD 


tQF 


CE = V,L 







60 


ns 


Data hold time from address 


tHAOD 


tOH 


CE = OE = V|L 









ns 



Corresponding symbols of the |jiPD27C256A. 
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Figure 24. PROM Write Mode Timing 



^0-^14 A 



D0-D7 ^ 1 



Vpp 



V|p 
V|L 
Vpp 

vddp 



vddp + 1 
Vddp 

Vddp 



V|H 



CE 



V|L 



V|H 



OE 



V|L 



Effective Address 



X 



♦- *SAC 



Data 
Input 



M 



^SPC 



tSVPC 



^SVDC 



VJ 



^WLI 



^HCID 



tDDOO 



Data 
Output 



^DOOD 



^L_J^ 



•*- ^HOOD 



^HCA 



y—i 



^SIDC -»- 



Data 
Input 



> 



\_/ 



_twL2- 



Notes: 

(1) Vddp "^"^^ ^ applied before applying Vpp. It should be removed after removing Vpp. 

(2) Vpp must not exceed +13 V, including overshoot. 



Figure 25. PROM Read Mode Timing 



A0-A14 Y 



CE 



OE 



D0-D7 



Effective Address 



^. 



-^DCOD- 



\ 



-^^DOOD- 
*— ^DAOD — *• 



-— — } 



K 



/ 



^HAOD -*- 



/' 



Data Output 



^HCOD 



B- " 
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PROM Write Procedure 



(1) Connect the RESET pin to a low level and apply 
+ 12.5VtotheNMIpin. 

(2) Apply +6 V to the Vpo pIn and + 12.5 V to the Vpp pin. 

(3) Provide the initial address. 

(4) Provide write data. 

(5) Provide 1 -ms program pulse (active low) to the CE pin. 

(6) Thi s bit is now verified with a pulse (active low) to the 
OE pin. If the data has been written, proceed to step 8; 
if not, repeat steps 4 to 6. If the data cannot be cor- 
rectly written after 25 attempts, go to step 7. 

(7) Classify as defective and stop write operation. 

(8) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
repeats performed between steps 4 to 6. 

(9) Increment the address. 

(1 0) Repeat steps 4 to 9 until the end address. 

PROM Read Procedure 



(1 ) Fix the RESET pin to a low level and apply + 12.5 V to 
theNMIpin. 

(2) Apply + 5 V to the Vpo and Vpp pins. 

(3) Input the address of the data to be read to pins A0-A14. 

(4) Read mode is entered with a pulse (active low) on both 
the CE and OE pins. 

(5) Data is output to the Dq to D7 pins. 



EPROM Erasure 

Data in an EPROM is erased by exposing the quartz win- 
dow in the ceramic package to light having a wavelength 
shorter than 400 nm, including ultraviolet rays, direct sun- 
light, and fluorescent light. To prevent unintentional era- 
sure, mask the window. 

Typically, data is erased by 254-nm ultraviolet rays. A mini- 
mum lighting level of 15 W'S/cm^ (ultraviolet ray intensity 
X exposure time) is required to completely erase written 
data. Erasure by an ultraviolet lamp rated at 12 mW/cm^ 
takes approximately 15 to 20 minutes. Remove any filter 
on the lamp and place the device within 2.5 cm of the 
lamp tubes. 
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INSTRUCTION SET 

A!! micrQcomputers in the iJi-PD7821x family have a 1-byte 
instruction lookahead buffer. This allows the first byte of 
the next opcode in program memory to be fetched while the 
current opcode is being executed. This pipeline architec- 
ture allows instruction fetch and excute cycles to overlap. 
An instruction can be fetched from program memory while 
data is being r^ad from or written to RAM or an I/O port. 

The advantage of the pipeline is that one instruction can be 
executed while another is being fetched, virtually halving 
the time required for these two operations and thereby 
reducing overall program execution time. 

Operands and Operations 

Refer to tables 7 and 8 for the meanings of symbols in the 
operand and operations columns of the Instruction Set 
table. 

Specify operands in accordance with the rules of operand 
representation; for details, refer to the assembler specifi- 
cations. If two or more description methods are available, 
select one. The symbols +, -, #, !, $, /, [ ], and & are 
keywords and must be used in conjunction with each 
instruction. 

When describing immediate data as a label, use one of the 
following modifiers: +,-,#, !, $, /, [ ], and &. Symbols r and 
rp can be described in both the function name and absolute 
name. 

Table 7. Operands 



Symbol Meaning 


+ 


Autoincrement 


- 


Autodecrement 


# 


Immediate data 


! Absolute address 


$ 


Relative address 


/ 


Bit inversion 


[ ] Indirect addressing 


& 


Subbank 


r 


Register 

Function name: X, A, C, B, E, D, L, H 

Absolute name: RO to R7 


r1 


Registergroup1:C,B 


rp 


Register pair 

Function name: AX, BC, DE, HL 

Absolute name: RPO to RP3 



sfr 



Special function register: 

PO, P2-P7, POH, POL, RTPC, CR10, CR11 , CR20, CR21 , CR22, 
CR30, PMO, PM3, PM5, PM6, PMC3, PUO, CRC0-CRC2, TOC, 
TM1-TM3, TMCO, TMC1, PRMO, PRM1, ADM, ADCR, CSIM, 
SBIC, SIO, ASIM, ASIS, RxB, TxS, BRGC, STBC (dedicated in- 
struction only), MM, PW, RFM, IFOL, IFOH, MKOL, MKOH, PROL, 
PROH, ISMOL, ISMOH, INTMO, INTM1, 1ST 
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Table?. Operands (cont) 


Symbol Meaning 


sfrp 


Special function register pair: 
CR00-CR02, TMO, IFO, MKO, PRO, ISMO 


mem 


Memory address Indirectly addressed 

Register indirect mode: [DE], [HL], [DE+], [HL+], [DE-], [HL-] 

Base mode: [DE+ byte], [HL+ byte], [SP+ byte] 

Indexed mode: word[A], word[B], word[DE], word [HL] 


mem1 


Memory address addressed by means of indirect addressing 
group 1 : [DE], [HL] 


saddr 


Memory address Indirectly addressed: 
FE20H-FF1 FH immediate data or label 


saddrp 


Memory address addressed by means of direct addressing pair: 
FE20H-FF1 EH immediate data (LSB=0; odd address) or label 


addr16 


16-bit address: 0000H*FEFFH immediate data or label 


addr11 


1 1 -bit address: 800H-FFFH immediate data or label 


addrS 


5-bit address: 40H-7EH immediate data or label 


word 


16-bit data: 16-bit immediate data or label 


byte 


8-bit data: 8-bit immediate data or label 


bit 


3-bit data: 3-bit immediate data or label 


n 


Number of shift bits: 3-bit immediate data (0-7) 


RBn 


Register bank: RB0-RB3 


Tables. Registers and Flags 


Symbol Meaning 


A 


A register; 8-bit accumulator 


X 


X register 


B 


B register 


C 


C register 


D 


D register 


E 


E register 


H 


H register 


L 


L register 


R0-R7 


Registers to 7 (absolute names) 


AX 


Register pair (AX); 16-bit accumulator 


BC 


Register pair (BC) 


DE 


Register pair (DE) 


HL 


Register pair (HL) 


RPO- RP3 Register pairs to 3 (absolute names) 


PC 


Program counter 


SP 


Stack pointer 


PSW 


Program status word 


CY 


Carry flag 


AC 


Auxiliary flag 


Z 


Zero flag 


RBS1-I 


RBSO Register bank select flags 


IE 


Interrupt enable flag 


STBC 


standby control register 
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Table 8. Registers and Flags (cont) 



Symbol Meaning 



( ) 



xxH 



Memory contents indicated by address or register contents 

in( ) 

Hexadecimal number 



xh.xl 



Higlier 8 bits and lower 8 bits of 16- bit register pair 



Clocks 

The clock field specifies the number of clocks required 
under the conditions defined by the four column headings 
as follows: 

IROM Program In internal ROM is executed. 

I RAM Program in external ROM Is executed and internal 
RAM is accessed. 

SFR Program in external ROM is executed and special 
function register is accessed. 

EM EM Program in external ROM is executed and external 
memory is accessed. 

In a shift/rotate instruction, n in the clock field Indicates the 
number of bits by which data is shifted. 

The hyphen (-) indicates a range of values; for example 
10-13 means 10, 11, 12, or 13. 

The virgule symbol (/) means either/or; for example, a/b 
means either a or b. 

The number of clocks when execution is branched by a 
conditional branch instruction Is shown after the symbol (/). 

The number of clocks for Instruction having the saddr or 
saddrp operand and when an SFR is accessed with FFOOH 
to FFFFH described as saddr or saddrp is shown after the 
symbol (/). 

Bytes and Clocks 

The number of bytes and clocks for instructions with a mem 
or &mem operand depends on the particular instruction 
and the memory addressing mode (register indirect, base, 
or indexed). Table 9 is applicable when the program in 
internal ROM is executed (ROM clock column of the In- 
struction Set table). Table 10 is applicable when the pro- 
gram In external ROM is executed (I RAM, SFR, and 
EMEM clock columns). 

Flags 

The symbols in the flag field have the following meanings. 

Blank No change 

Cleared to 

1 Set to 1 

X Set or cleared depending on the result 

R Value previously saved Is restored 



Operation Codes 

Table 1 1 defines the symbols used in the operation code 
field. 

Registers and Register Pairs. The r, rl, and rp operands 
are specified in the opcode by one or more bits as shown in 
figure 26. For example, 001 as bits R2R1R0 (or R6R5R4) 
specifies register A. 

In the first and second operands are registers or register 
pairs, the higher 4 bits of the register specification byte 
define the first operand and the lower 4 bits define the sec- 
ond operand. For example. In the MOV A,L instruction 
(transfer L register contents to register A), the second byte 
of the opcode is obtained from figure 26 as shown below. 

Instruction Opcode, Bytes 1 and 2 



MOVr,r 
MOVA,L 



10 10 
R6R5R4 R2R1 Ro 



10 
1 



1 
1 





1 



IVIemory Addressing l\/lodes. The 3-bit mem code and the 
5-bit mod code are selected from figure 27 according to the 
description of mem in the operand field (table 7). 

A MOV instruction with register indirect mode specified for 
mem is a special 1-byte instruction. When base mode or 
indexed mode is specified for mem, the 8-blt or 16-bit 
offset data corresponding to byte and word, respectively, is 
added from the third byte onward. 

The opcode for an &mem or &mem1 operand is modified 
by inserting a 01 H code as the first byte preceding the first- 
byte code listed In the Instruction Set table. Subsequent 
bytes are as shown in the table. 

Figure 26. Opcodes for Registers (r, rl, rp) 



rp 



R2 Ri Ro 






Rg R5 R4 


re a 



1 
1 

1 1 

1 
1 1 
1 1 

1 1 1 


RO 
R1 
R2 
R3 
R4 
R5 
R6 
R7 


X 

A 

c 

B 
E 
D 
L 
H 



Ro 


reg 




1 


c 

B 



Pi Po 






P2 P, 


reg-pair 


P6 P5 





RPO 


AX 


1 


RP1 


BO 


1 


RP2 


DE 


1 1 


RP3 


HL 
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Figure 27. Opcodes for Memory Addressing Modes 
(mem, mod) 



\ Mod 

Mem N^ 


1 0110 


0110 


1010 


Register 
Indirect Mode 


Base Mode 


Index Mode 





[DE+] 


[DE+byte] 


word [DE] 


1 


IHL+] 


[SP+byte] 


word [A] 


1 


[DE-] 


[HL+byte] 


word [HL] 


11 


[HL-] 


- 


word [B] 


1 


[DE] 


- 




1 1 


[HL] 




- 



Table 9. Bytes and Cloci(s for Instructions Witii "mem " and "&mem " Operands; Internal ROM (IROM) 

Register Indirect 
Mode 



Ciocic 
Cycies 



MOV 



A, mem 



mem, A 



A, &mem 



ADD.ADDC, 
SUB,SUBC, 
AND, OR, 
XOR,CMP 



A, mem 



A, &mem 



[DE+] 
[HL + ] 



6/8 



6/8 



8/10 



8/10 



10/12 



8/12 



12/14 



10/14 



8-11 



10-13 



9/12 



11/14 



9-12 



11-14 



10-13 



12-15 



indexed 
Mode 



word[A] 
word[B] 





Instruction 




[DE~] 
[HL-] 


[DE] 
[HL] 


[DE-i-byte] 
[HL-Hbyte] 


[SP-i-byte] 


word[DE] 
word[HL] 


Bytes 




mem 


1/2* 


1/2* 


3 


3 


4 




&mem 


2/3* 


2/3* 


4 


4 


5 



8-11 



10-13 





&mem,A 












XCH 


A, mem 


11-15 


9-13 


10-15 


11-16 


10-15 




A,&mem 


13-17 


11-15 


12-17 


13-18 


12-17 



9-12 



11-14 



When internal RAM is accessed with an instruction having a mem 
operand, the number of bytes is the number before the symbol (/). 



When the external memory (including the SFR area) i 
number of bytes is the number after the symbol (/). 



accessed, the 
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Table 10. Bytes and Clocks for Instructions With "mem" and "&mem" Operands; External ROM 

^ ORAM, SFR, EMEM) 

Indexed 
Base Mode Mode 



Register Indirect 
Mode 



[DE+] 
[HL+] 



Clock 
Cycles 



MOV 



A, mem 



9/11 



6/8 



11/13 



12/14 



mem, A 



A, &mem 



12/14 



9/11 



14/16 



15/17 



ADD.ADDC, 
SUB.SUBC, 
AND, OR, 
XOR, CMP 



A, mem 



13/15 



11/13 



12/14 



13/15 



A, &mem 



16/18 



14/16 



15/17 



16/18 



word[A] 
word[B] 





Instruction 




[DE-] 
[HL-1 


[DE] 
[HL] 


[DE + byte] 
[HL + byte] 


[SP + byte] 


word[DE] 
word[HL] 


Bytes 




mem 


2* 


2* 


3 


3 


4 




&mem 


3* 


3* 


4 


4 


5 



14/16 



17/19 





&mem,A 












XCH 


A, mem 


14/18 


12/16 


13/17 


14/18 


16/20 




A, &mem 


17/21 


15/19 


16/20 


17/21 


19/23 



15/17 



18/20 



When [DE], [HL], [DE+], [HL+], [DE-], or [HL-] is specified as the mem 
operand of a MOV instruction, the instruction is used as a dedicated 
1-byte type. When the operand is &mem, the instruction is 2-byte. 

Table 11. Opcode Symbols 



Symbol 


Meaning 


Bn 


Immediate data corresponding to bit 


Nn 


immediate data corresponding to n 


Data 


8-bit immediate data corresponding to byte 


Low/High Byte 


16- bit immediate data corresponding to word 


Saddr-offset 


Lower 8-bit offset data of 16-bit address corresponding 
tosaddr 


Sfr-offset 


Lower 8-bit offset data of 16-bit address of special 
function register (sfr) 


Low/High Offset 


16- bit offset data corresponding to word in indexed 
addressing 


Low/High Addr 


16-bit immediate data corresponding to addr16 


jdisp 


Signed 2's Complement data (8 bits) indicating relative 
address distance between first address of next 
instruction and branch destination address 


fa 


Lower 1 1 bits of immediate data corresponding to addrl 1 


ta 


Lower 5 bits of immediate data corresponding to 
(addr5xdis) 
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Instruction Set 




Operation 


Bytes 




Clocks 




Flags 
ZACCY 


Open 
E 


itlon Code (Bits 7-G) 


Mnomonic Oporand 


IROM 


IRAM SFR 


EMEM 


lytes 81 thru 85 


8-Blt Data Transfer 


MOV r,#byte 


r^byte 


2 


2 


6 






1 





11 1 R2 Ri Ro 
Data 


saddr,#byte 


(saddr) 4- byte 


3 


3/5 


9 9 


12 










11 10 10 
Saddr-offset 






Data 


sfr,#byte 


sf r 4- byte 


3 


5 


9 


12 










10 10 11 
Sfr-offset 








Data 


r,r 


r ^r 


2 


2 


6 










10 10 

Re R5 R4 R2 Ri Ro 


A,r 


A4-r 


1 


2 


3 






1 


1 


1 R2 Ri Ro 


A,saddr 


A 4- (saddr) 


2 


2/4 


6 6 


9 










10 
Saddr-offset 


saddr,A 


(saddr)<i-A 


2 


3/5 


6 8 












10 10 
Saddr-offset 


saddr.saddr 


(saddr) ^ (saddr) 


3 


3-7 


9 












11 10 
Saddr-offset 






Saddr-offset 


A,sfr 


A^sfr 


2 


4 


6 












1 
Sfr-offset 


sfr,A 


sfr4-A 


2 


5 


6 












1 10 
Sfr-offset 



A,mem 



A <- (mem) 



1-4 6-12 6-14 8-16 8-16 



10 1 1 mem 







mod 



mem 



Low Offset 



High Offset 



A,&mem 



A i- (&mem) 



2-5 8-14 9-17 11-19 11-19 



* 0000 0001 
10 1 1 mem 



1 







mod 



mem 



Low Offset 



High Offset 



Note: 

* If [DE], [HL], [DE+], [DE-], [HL+] or [HL-] is described as mem, these 
instructions are used as dedicated 1 -byte codes. If the register name is 
described as &mem, the instructions are used as dedicated 2-byte 
codes. 
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Instruction Set (cont) 




Clocks Flags 


Operation Code (Bits 7-0) 




Bytes IROM IRAM SFR EMEM ZACCY 


Bytes B1 thru B5 


8-Blt Data Transfer (cont) 



MOV mem.A 



(mem) <<- A 



1-4 6-12 6-14 8-16 8-16 



10 1 







mod 



1 







Low Offset 



High Offset 



&mem,A (&mem) 4- A 



2-5 8-14 9-17 11-19 11-19 



1 
10 1 mem 



1 







mod 







Low Offset 



High Offset 



A,!addr16 A <- (!addr16) 



6/8 



14 



16 



10 1 
1111 



LowAddr 



High Addr 



A,&!addr16 A <e (&laddr16) 



8/10 



19 



1 
10 1 



1111 



Low Addr 



High Addr 



!addr16,A (!addr16)^A 



6/8 



14 



17 



1 1 



1111 



1 



Low Addr 



High Addr 



&!addr16,A (&laddr16) 4- A 



5 8/10 



20 



1 
10 1 



1111 1 



Low Addr 



High Addr 



PSW,#byte 


PSW i- byte 


3 


3 


9 


9 


9 


X X X 

1 


1 

1 1 1 


1 
1 


1 1 

1 1 


















Data 




PSW,A 


PSW4-A 


2 


2 


6 


6 


6 


X X X 
1 


1 

1 1 1 



1 


1 

1 1 


A,PSW 


A 4- PSW 


2 


2 


6 


6 


6 



1 


1 

1 1 1 




1 




1 1 
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Instruction Set (cont) 




Bytes 




Cioclcs Fiags Operaiion Code (Biis a-0) 


Mnemonic Operand Operation 


iROM 


IRAil/l SFR EIMEM Z AC CY Bytes B1 thru B5 


8'Blt Data Transfer (cont) 


XCH A,r A4-^r 


1 


4 


4 1 1 1 1 Ra Ri Ro 


r,r r ^—f r 


2 


3 


6 10 10 1 
Re R5 R4 R2 Ri Ro 



A,mem 



A 4— f (mem) 



2-4 9-16 12-16 



16-20 







mod 



mem 10 



Low Offset 



High Offset 



A,&mem 



A -«— ► (&mem) 



sadclrp,#worcl (saddrp) +- word 



3-5 11-18 15-19 



19-23 



4 4/8 12 12 18 



1 







mod 



mem 10 



Low Offset 



High Offset 



A.saddr 


A 4-* (saddr) 


2 


4/8 


6 










10 1 
Saddr-offset 


A,sfr 


A4— ►sfr 


3 


6/10 




13 










1 
10 1 
Sfr-offset 


saddr,saddr 


(saddr) 4-f (saddr) 


3 


6-14 




10 








11 10 1 








Saddr-offset 








Saddr-offset 


16-Blt Data Transfer 


MOVW rp,#wbrd 


rp ^ word 


3 


3 


9 







1 


1 P2 Pi 
Low Byte 








High Byte 



110 



Saddr-offset 



Low Byte 



High Byte 



sfrp,#word sfrp <- word 



4 8 



12 



10 11 

Saddr-offset 

Low Byte 



High Byte 



rp.rp 


rp4-rp 


2 


4 


6 




10 10 
Pg P5 1 P2 Pi 


AX,saddrp 


AX 4- (saddrp) 


2 


6/10 


8 


12 


1 110 
Saddr-offset 


saddrp, AX 


(saddrp) 4- AX 


2 


5/9 


8 


12 


1 10 10 
Saddr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Clocks 




Flags 
ZACCY 


0| 


per 
E 


atlonO 
lytes B 


ode (Bits 7-0) 


Mnomonlc 0p6rand 


IROM 


IRAM SFR 


EMEM 


1 thru B5 


16'Blt Data Transfer (cont) 


MOVW AX.sfrp 


AX i- sf rp 


2 


10 


12 












1 1 
Sfr-offset 


sftp,AX 


sf rp ^ AX 


2 


9 


12 












1 11 
Sfr-offset 


AX,mem1 


AX^ (memi) 


2 


9-15 


12 16 


16 






1 




1 




1 


10 1 
1 Ro 


AX,&mem1 


AX*- (&mem1) 


3 


11-17 


15 19 


19 







1 





1 






1 


1 
10 1 
1 Ro 


memi , AX 


(memi) 4- AX 


2 


8-14 


11 15 


15 













10 1 




1 


1 


1 


1 1 Ro 


&mem1,AX 


(&mem1)^ AX 


3 


10-16 


14 18 


18 







1 





1 






1 


1 
10 1 
1 1 Ro 


8'Bn Operation 


ADD A,#byte 


A,CY^A + byte 


2 


2 


6 




XXX 


1 





10 10 
Data 


sacidr,#byte 


(saclclr),CY ^ (saddr) + byte 


3 


3/7 


9 11 




XXX 





1 


10 10 
Saddr-offset 








Data 



sfr,#byte 



sfr.CY •<- sfr + byte 



14 



XX X 0000000 1 
110 10 
Sfr-offset 



Data 



r.r 


r,CY<<-r + r 




2 


3 


7 




X X 


X 


1 





Re 


10 
R5R4 R2R1 Ro 


A.saddr 


A,CY<«- A + (saddr) 




2 


3/5 


6 


7 


8 XX 


X 


_L 


_o_ 


1 10 
Saddr-offset 


A,sfr 


A,CY^A + sfr 




3 


7 




10 


XX 


X 


_0_ 
_L 


_o_ 


1 
1 10 
Sfr-offset 


saddr.saddr 


(saddr),CY ^ (saddr) 


+ (saddr) 


3 


3-9 


9 


11 


X X 


X 


-0- 


j_ 


11 10 
Saddr-offset 








Saddr-offset 
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Instruction Set (cont) 




Clocks Flags 


Cperstlcn Cods (Bits 7-0} 


Mnemonic Operand Operation 


Bytes IROM IRAM SFR EMEM ZACCY 


Bytes B1 thru B5 


8-Bn Operation (cont) 



ADD A,mem 



A,CY -♦- A + (mem) 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 



Low Offset 



High Offset 



A,&mem 



sfr,#byte 



A,mem 



A,CY 4- A + (&mem) 



3-5 10-15 14-18 16-aD 16-20 x x x 00000001 







mod 



mem 10 



Low Offset 



High Offset 



ADDC 


A,#byte 


A,CY4- A + byte + CY 


2 


2 


6 




X X X 1 1 10 1 
Data 




saddr,#byte 


(saddr),CY 4- (saddr) + byte 
+ CY 


3 


3/7 


9 


11 


X X X 1 1 1 1 
Saddr-offset 




Data 



sfr,CY4-sfr + byte + CY 



14 



xxxOOOO 1 
110 10 1 



Sfr-offset 



Data 



r,r 


r,CY4-r + r + CY 


2 


3 


7 




XXX 


1 




1 10 1 
Re R5 R4 R2 Ri Ro 


A.saddr 


A,CY4-A + (saddr) + CY 


2 


2/5 


6 


7 


8 XXX 


1 





1 10 1 
Saddr-offset 


A,sfr 


A,CY4- A + sfr + CY 


3 


7 




10 


XXX 



1 






1 
1 10 1 








Sfr-offset 


saddr.saddr 


(saddr),CY 4- (saddr) + (saddr) 
+ CY 


3 


3-9 


9 


11 


XXX 





1 


11 10 1 
Saddr-offset 








Saddr-offset 



A,CY4-A+(mem) + CY 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 1 



Low Offset 



High Offset 



A,&mem 



A,CY4- A + (&mem) + CY 



3-5 10-15 14-18 16-33 16-20 xxxOOOO 0001 



mod 

mem 10 



Low Offset 



High Offset 
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Instruction Set (cont) 




Operation 




Clocks Flags 


Operation Code (Bits 7-0) 




Bytes IROM 


IRAM SFR EMEM ZACCY 


Bytes B1 thru B5 


8'Bit Operation (cont) 


SUB A,#byte 


A,CY4- A-byte 


2 2 


6 XXX 


10 10 10 10 
Data 


sadclr,#byte 


(saddr),CY i- (saddr)-(byte) 


3 3/7 


9 11 XXX 


110 10 10 
Saddr-offset 




Data 



A, mem 



sfr,#byte sfr.CY <- sfr-byte 



14 



xxxOOOO 0001 
110 10 10 
Sf r-offset 



Data 



r,r 


r,CY^ r-r 


2 


3 


7 




XXX 


1 





10 10 



















Re R5 R4 R2 Ri Ro 


A,saddr 


A,CY^ A-(saddr) 


2 


3/5 


6 


7 


8 XXX 


1 





1 10 10 
Saddr-offset 


A,sfr 


A,CY 4- A-sfr 


3 


7 




10 


XXX 




1 






1 
1 10 10 
Sfr-offset 


saddr,saddr 


(saddr),CY 4- (saddr) - (saddr) 


3 


3-9 


9 


11 


XXX 





1 


11 10 10 
Saddr-offset 








Saddr-offset 



A,CY<<- A-(&mem) 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 10 



Low Offset 



High Offset 



A,&mem A,CY<- A-(&mem) 



sfr,#byte 



3-5 10-15 14-18 16-20 16-20 xxxOOOO 0001 







mod 



mem 10 10 



Low Offset 



High Offset 



SUBC 


A,#byte 


A,CY4- A-byte-CY 


2 


2 


6 




X X X 1 1 10 11 
Data 




saddr,#byte 


(saddr),CY^ (saddr)- byte -CY 


3 


3/7 


9 


11 


X X X 1 1 10 11 
Saddr-offset 




Data 



sfr,CY-<-sfr-byte-CY 



4 9 



14 



xxxOOOO 0001 
110 10 11 
Sfr-offset 
Data 
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Instruction Set (cont) 




Operation 


Bytes 




Cioclcs Flags 





peration Code (Bits 7-G) 


Mnemonic Operand 


IROM 


■RAM SFR EMEiM Z AC CY 


Bytes B1 thru B5 


8-Bn Operation (cont) 


SUBC r,r 


r,CY4-r-r-CY 


2 


3 


7 XXX 


1 



10 11 
Rg R5 R4 R2 Ri Ro 


A,saclclr 


A,CY4-A-(saddr)-CY 


2 


3/5 


6 7 8 XXX 


1 


1 10 11 
Saddr-offset 


A,sfr 


A,CY4- A-sfr-CY 


3 


7 


10 XXX 




1 


1 
1 10 11 
Sfr-offset 


saddr,saddr 


(saddr),CY ^ (saddr)-(saddr) 
-CY 


3 


3-9 


9 11 XXX 





111 1011 
Saddr-offset 






Saddr-offset 



A,mem 



A,CY4- A-(mem)-CY 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 11 



Low Offset 



High Offset 



A,&mem 



A,CY^A-(&mem)-CY 



3-5 10-15 14-18 1630 16-20 xxxOOOO 0001 







mod 



mem 10 11 



Low Offset 



















High Offset 


AND 


A,#byte 


A^ AAbyte 


2 


2 


6 




X 


10 10 110 
Data 




saddr,#byte 


(saddr)4-(saddr)Abyte 


3 


3/7 


9 


11 


X 


110 110 
Saddr-pffset 




Data 



sf r, #byte sf r <<- sf r A byte 



4 9 



14 



1 
110 110 



Sfr-offset 



Data 



r,r 


r 4- rAr 


2 


3 


7 




X 


1 



110 

Re R5 R4 R2 Ri Ro 


A.saddr 


A^AA(saddr) 


2 


3/5 


6 


7 


8 X 


1 





01 1100 








Saddr-offset 


A,sfr 


A<(- AA(sfr) 


3 


7 




10 


X 




1 






1 
1 110 
Sfr-offset 


saddr.saddr 


(saddr)v(saddr)A(saddr) 


3 


3-9 


9 


11 


X 





1 


11 110 
Saddr-offset 








Saddr-offset 
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Instruction Set (cont) 




Cloclcs Fiags 


Operation Code (Bits 7-0) 


Mnemonic Operand Operation 


Bytes IROiM iRAiM SFR EMEM ZACCY 


Bytes B1 thru B5 


8'Bit Operation (cont) 



AND A.mem 



A 4- A A (mem) 



2-4 8-13 11-15 13-17 13-17 x 







mod 



mem 110 



Low Offset 



High Offset 



A,&mem 



A.mem 



A ^ AA(&mem) 



3-5 10-15 14-18 16-20 16-20 x 



sfr,#byte sfr 4- sfr V byte 



4 9 



14 



A4- AV(mem) 



2-4 8-13 11-15 13-17 13-17 X 



1 







mod 



mem 110 



Low Offset 



High Offset 



OR 


A,#byte 


A4- AVbyte 


2 


2 


6 




X 


10 10 1110 
Data 




saddr,#byte 


(saddr)-<-(saddr)Vbyte 


3 


3/7 


9 


11 


X 


110 1110 
Saddr-offset 




Data 



1 
110 1110 



Sfr-offset 



Data 



r,r 


r^rVr 


2 


3 


7 




X 


1 





00 1110 



















Re R5 R4 R2 Ri Ro 


A,saddr 


A^AV(saddr) 


2 


3/5 


6 


7 


8 X 


1 





01 1110 

Saddr-offset 


A,sfr 


A^ AVsfr 


3 


7 




10 


X 



1 






1 
1 1110 
Sfr-offset 


saddr.saddr 


(saddr)^(saddr)V(saddr) 


3 


3-9 


9 


11 


X 





1 


11 1110 
Saddr-offset 








Saddr-offset 







mod 



mem 1110 



Low Offset 



High Offset 



A,&mem A 4- A V (&mem) 



3-5 10-15 14-18 1620 16-20 x 



1 







mod 



mem 1110 



Low Offset 



High Offset 
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Instruction Set (cont) 




Operation 


Bytes 




Cioclcs Fiags 


Qneration Cede (Bits ?-Q) 


Mnemonic Operand 


IROM 


■RAM SFR EMEM ZACCY 


Bytes B1 thru B5 


8'Blt Operation (cont) 


XOR A,#byte 


A <- A-V-byte 


2 


2 


6 X 


10 10 110 1 




Data 


saddr,#byte 


(saddr) 4- (saddr)-\^byte 


3 


3/5 


9 11 X 


110 110 1 




Saddr-offset 




Data 



sfr,#byte 



A.mem. 



sfr •<- sfrV-byte 



14 



A ^ A¥^(mem) 



2-4 8-13 11-15 13-17 13-17 x 



1 
110 110 1 



Sfr-offset 



Data 



r,r 


r<-r¥r 


2 


3 


7 




x 


1 





00 1101 







Re ^5 ^4 ^^2 ^1 "^0 


A,saddr 


A <- A¥-(saddr) 


2 


3/5 


6 


7 


8 X 


1 





01 1101 








Saddr-offset 


A,sfr 


A +- A-V-(sfr) 


3 


7 




10 


X 




1 






1 
1 110 1 








Sfr-offset 


saddr.saddr 


(saddr) 4- (saddr) V- (saddr) 


3 


3-9 


9 


11 


X 





1 


11 110 1 
Saddr-offset 








Saddr-offset 







mod 



mem 110 1 



Low Offset 



High Offset 



A,&mem A ^ A-V-(&mem) 



sfr,#byte 



3-5 10-15 14-18 16-20 16-20 x 



1 







mod 



mem 110 1 



Low Offset 



High Offset 



CMP 


A,#byte 


A-byte 


2 


2 


6 




X X X 1 1 1111 
Data 




saddr.#byte 


(saddr) -byte 


3 


3/5 


9 


11 


X X X 1 1 1111 
Saddr-offset 




Data 



sfr -byte 



4 7 



14 



xxxOOOO 0001 
110 1111 



Sfr-offset 
Data 
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Instruction Set (cont) 




Operation 


Bytes 




Clocks Flags 


0| 


peration Code (Bits 7-0) 




■ROM 


IRAM SFR EMEM ZACCY 


Bytes B1 thru B5 


8-Bit Operation (cont) 


CMP r,r 


r-r 


2 


3 


7 XXX 


1 


1111 







Re R5 R4 ^2 Ri Rq 


A,saddr 


A-(saddr) 


2 


3/5 


6 7 8 X X X 


1 


1 1111 
Saddr-offset 


A,sfr 


A-sfr 


3 


7 


10 XXX 





1 




1 


1 1111 
Sfr-offset 


saddr.saddr 


(saddr)-(saddr) 


3 


3-7 


9 11 XXX 





111 1111 






Saddr-offset 






Saddr-offset 



A, mem 



A,&mem 



A -(mem) 



A-(&mem) 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 1111 



Low Offset 



High Offset 



3-5 10-15 14-18 16-20 16-20 xxxOOOO 0001 







mod 



mem 1111 



Low Offset 



High Offset 



16'Bit Operation 


ADDW AX,#word 


AX,CY4-AX + word 


3 


4 


9 




X 


X 


X 








10 110 1 
Low Byte 








High Byte 


AX.rp 


AX,CY<HAX + rp 


2 


6 


8 




X 


X 


X 


1 








10 
1 P2 Pi 


AX,saddrp 


AX,CY^AX + (saddrp) 


2 


7/11 


9 


13 


X 


X 


X 








1 110 1 
Saddr-offset 


AX,sfrp 


AX,CY4-AX + sfrp 


3 


13 




16 


X 


X 


X 










1 
1 110 1 
Sfr-offset 


SUBW AX,#word 


AX,CY-(-AX-word 


3 


4 


9 




X 


X 


X 








10 1110 








Low Byte 








High Byte 


AX.rp 


AX,CY4-AX-rp 


2 


6 


8 




X 


X 


X 


1 







10 10 
1 P2 Pi Po 


AX,saddrp 


AX,CY^AX-(saddrp) 


2 


7/11 


9 


13 


X 


X 


X 








1 1110 
Saddr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Clocl(S 


Flagj 


JY 


Opefi 
E 


atioti Code (Bits 7-0) 


Mnemonic Operand 


IROIM 


iRAIVI 


SFR 


EMEiyA ZACC 


)ytes B1 thru B5 


16'Bit Operation (cont) 


SUBW AX.sfrp 


AX,CY4-AX-sfrp 


3 


13 




16 


X X 


X 










1 
1 1110 
Sfr-offset 


CMPW AX,#word 


AX -word 


3 


3 


9 




X X 


X 








10 1111 
Low Byte 








High Byte 


AX.rp 


AX-rp 


2 


5 


7 




X X 


X 


1 





1111 










1 P2 Pi 


AX.saddrp 


AX-(saddrp) 


2 


6/10 


8 


12 


X X 


X 








1 1111 








Saddr-offset 


AX,sfrp 


AX-sfrp 


3 


12 




15 


X X 


X 








1 










1 1111 








Sfr-offset 


Multiplication /Division 


MULU r 


AX ^ Axr 


2 


22 


24 
















10 1 
1 Rg Ri Ro 


DIVUW r 


AX{quotient),r (remainder) ^ 
AX-^r 


2 


71 


76 














10 1 










1 1 R2 Ri Ro 


Increment/ Decrement 


INC r 


r<<-r+1 


1 


2 


3 




X X 




1 


1 


R2 Ri Rq 


saddr 


(saddr) ^ (saddr) + 1 


2 


2/6 


6 


7 


X X 










10 110 
Saddr-offset 


DEC r 


r-<-r-1 


1 


2 


3 




X X 




1 


1 


1 R2 Ri Rq 


saddr 


(saddr) ^ (saddr) -1 


2 


2/6 


6 


7 


X X 










10 111 








Saddr-offset 


INCW rp 


rp ^ rp + 1 


1 


3 


3 











1 


1 Pi Po 


DECW rp 


rp ^ rp-1 


1 


3 


3 











1 


1 1 Pi Po 


Shift/ Rotate 


ROR r,n 


(CY.ry^roJm-l ^ I'm) 
xn times, n=0-7 


2 


3+2n 


5+2n 






X 








1 


11 
N2 Ni No R2 Ri Ro 


ROL r,n 


(CY,ro<er7,rm+i <<- r^) 
xn times, n=0-7 


2 


3+2n 


5+2n 






X 








1 


11 1 
N2 Ni No R2 Ri Ro 
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Instruction Set (cont) 




Operation 


Bytes 




Cloclcs 




Fiags 
ZACCY 


0| 


per 


ationC 
)ytes B 


ode (Bits 7-0) 


Mnemonic Operand 


IROM 


IRAM 


SFR 


EMEIM 


1 thru B5 


Shift /Rotate (cont) 


RORC r,n 


(CY<Hro,r7^CY,rm-i^rm) 
xn times, n =0-7 


2 


3+2n 


5+2n 








X 










1 1 
N2N1 



No R2 Ri Ro 


ROLC r.n 


(CY^r7,ro^CY,rm+l^rm) 
xn times, n=0-7 


2 


3+2n 


5+2n 








X 










1 1 
N2N1 


1 
N0R2R1R0 


SHR r,n 


(CY^ro,r7<HO,rm-i^rJ 
xn times, n= 0-7 


2 


3+2n 


5+2n 






X 


X 









1 1 
N2N1 




N0R2R1R0 


SHL r,n 


(CY^r7,ro^O,rm+i^rm) 
xn times, n= 0-7 


2 


3+2n 


5+2n 






X 


X 









1 1 
N2N1 


1 
No R2 Ri Ro 


SHRW rp.n 


(CY<J-rpo.rpi5<-0,rpm_i +- 
rpm) xn times, n =0-7 


2 


3+3n 


5+3n 






X 


X 







1 


1 1 
N2N1 



No R2 Ri Ro 


SHLW rp.n 


(CY4-rpi5,rpo<<-0,rpm+i ^ 
rpm) xn times, n =0-7 


2 


3+3n 


5+3n 






X 


X 







1 


1 1 
N2N1 


1 
No R2 Ri Ro 


ROR4 memi 


A3.0 ^ (mem1)3.o, (mem1)7.4 
<r A3.0, (mem1)3.o ^ (mem1)7^ 


2 


24 


26 


34 


34 

















10 1 

1 1 Ri 


&mem1 


A3.0 ^ (&mem1)3^, (&mem1)7^ 

4-A3.o,(&mem1)3.o^ 

(&mem1)7.4 


3 


26 


29 


37 


37 




















1 

10 1 

1 1 Ri 


R0L4 memi 


A3.0 <- (mem1)7.4, (mem1)3.o 
^ A3.0, (mem1)7.4 +- (mem1)3^ 


2 


25 


27 


35 


35 














1 


10 1 

1 1 Rl 


&mem1 


A3.0 <- (&mem1)7.4, (&mem1)3.o 

^A3.o,(&mem1)7.4^ 

(&mem1)3.o 


3 


27 


30 


38 


38 

















1 


1 

10 1 

1 1 Rl 
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Instruction Set (cont) 






CIOCICS Flags operation Codn (Bits 7-n) 


Mnemonic Operand 


Operation Bytes iROM 


iRAM SFR EiMEM Z AC CY Bytes B1 tiiru B5 


SCD Adjustment 


ADJBA 


Decimal adjust accumulator after 1 3 
addition 


3 XXX0000 1110 


ADJBS 


Decimal adjust accumulator after -1 3 
addition 


3 X X X 1111 


Bit Manipulation 



MOV1 



CY.saddr.bit 



CY^(saddrbit) 



5/7 



X 10 
82 Bi Bo 
Saddr-offset 



CY.sfr.bit 



CY,X.bit 



CY i- sfr.bit 



CY 4- X.bit 



saddr.bit.CY (saddrbit) 4- CY 



3 8/12 



12 



14 



14 



xOOOO 1000 
1 B2 Bi Bo 













Sfr-offset 


CY,A.bit 


CY <- A.bit 


2 


5 


7 


X 11 
1 B2 Bi Bo 



X 11 
B2 Bi Bo 













Sfr-offset 


CY.PSW.bit 


CY 4- PSW.bit 


2 


5 


7 


xOOOO 0010 
B2 Bi Bo 



10 

1 B2 Bi Bo 

Saddr-offset 



sfr.bit,CY 



X.bit,CY 



sfr.bit <t- CY 



X.bit ^ CY 



12 



14 



2 8 



10 



10 
1 1 B2 Bi Bo 













Sfr-offset 


A.bit,CY 


A.bit i- CY 


2 


8 


10 


11 
1 1 B2 Bi Bo 



11 
1 B2 Bi Bo 



Sfr-offset 



PSW.bit,CY PSW.bit ^ CY 



10 
1 B2 Bi Bo 



AND1 CY.saddr.bit CY <- CYA(saddr.bit) 



3 5/7 



9 11 



X 10 
10 B2 Bi Bo 
Saddr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Cioclcs 


Fiags 


Operation Code 
Bytes B1 thi 


(Bits 7-0) 


Mnemonic Operand 


iROM 


IRAM SFR 


EMEM ZACCY 


ruB5 


Bit Manipulation (cont) 


AND1 CY,/saddr.bit 


CY^CYA(saddr.bit) 


3 


5/7 


9 11 


X 














1 























1 


1 





B2 Bi Bq 




















Sfr-offset 


CY,sfr.bit 


CY^CYAsfr.bit 


3 


7 


11 


X 














1 























1 





1 


B2 B-i Bq 




















Sfr-offset 


CY,/sfr.bit 


CY^CYAsfr.bit 


3 


7 


11 


X 














1 























1 


1 


1 


B2 Bi Bo 


CY,A.bit 


CY<<-CYAA.bit 


2 


5 


7 


X 

















1 1 




















1 





1 


B2 Bi Bq 


CY,/A.bit 


CY^CYAA.bit 


2 


5 


7 


X 

















1 1 










1 


1 


1 


B2 Bi Bo 


CY.X.bit 


CY<-CYAX.bit 


2 


5 


7 


X 

















1 1 




















1 








B2 Bi Bo 


CY,/X.bit 


CY<-CYAX.bit 


2 


5 


7 


X 

















1 1 




















1 


1 





B2 Bi Bo 


CY.PSW.bit 


CY4-CYAPSW.bit 


2 


5 


7 


X 

















1 




















1 








B2 Bi Bo 


CY,/PSW.bit 


CY^CYAPSW.bit 


2 


5 


7 


X 

















1 




















1 


1 





B2 Bi Bo 


0R1 CY.saddr.bit 


CY^CYV(saddr.bit) 


3 


5/7 


9 11 


X 














1 




















1 











B2 Bi Bo 


















Saddr-offset 


CY,/saddr.bit 


CY<HCYV(saddr.bit) 


3 


5/7 


9 11 


X 














1 




















1 





1 





B2 Bi Bo 




















Sfr-offset 


CY.sfr.bit 


CY^CYVsfr.bit) 


3 


7 


11 


X 














1 




















1 





1 


1 


B2 Bi Bo 




















Sfr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Cioclcs 


Fiags 


Operation d 
Bytes B 


sde (Bits 7-0) 


Mnemonic Operand 


IROM 


■RAM SFR 


EMEM ZACCY 


1 thru B5 


Bit Manipulation (cont) 


0R1 CY/sfr.bit 


CY<-CYV sfr.bit 


3 


7 


11 


X 














1 


10 

1 B2 B-| Bq 


CY,A.bit 


CY^CYVAM 


2 


5 


7 


X 

















11 

1 B2 Bi Bo 


CY,/A.bit 


CY4-CYVAM 


2 


5 


7 


X 














1 


11 

1 B2 Bi Bo 


CY,X.bit 


CY<HCYVX.bit 


2 


5 


7 


X 

















11 
B2 Bi Bq 


CY./X.bit 


CY^CYVXM 


2 


5 


7 


X 















1 


11 
B2 Bi Bo 


CY,PSW.blt 


CY^CYVPSW.bit 


2 


5 


7 


X 

















10 
B2 Bi Bo 


CY,/PSW.bit 


CY^CYVPSW.bit 


2 


5 


7 


X 















1 


10 
B2 Bi Bo 


X0R1 CY.saddr.bit 


CY ^ CY¥-(saddr.bit) 


3 


5/7 


9 11 


X 











1 






10 
B2 Bi Bo 


















Saddr-offset 


CY,sfr.bit 


CY 4- CYV-sfr.bit 


3 


7 


11 


X 










1 






10 
1 B2 Bi Bo 




















Sfr-ofset 


CY,A.bit 


CY 4- CY¥-A.bit 


2 


5 


7 


X 










1 






11 

1 B2 Bi Bo 


CY,X.blt 


CY 4- CY¥^X.bit 


2 


5 


7 


X 











1 






11 
B2 Bi Bo 


CY,PSW.bit 


CY 4- CY¥PSW.bit 


2 


5 


7 


X 











1 






10 
B2 Bi Bo 


SET1 saddr.bit 


(saddr.bit) ^ 1 


2 


3/7 


6 




1 





1 


1 


B2 Bi Bo 


















Saddr-offset 


sfr.bit 


sfr.bit 4- 1 


3 


10 


14 






1 














10 
1 B2 Bi Bo 




















Sfr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Clocks 


Fiagi 


5 


0| 


per 
E 


atio 
>ytc 


►nC( 
»sB 


3de (Bits 7-0) 


Mnemonic Operand 


iROM 


IRAIUI 


SFR 


EI\/IEM ZAC( 


1 thru B5 


Bit Manipulation (cont) 


SET1 A.bit 


A.bit ^ 1 


2 


6 


8 










1 














11 

1 B2 Bi Bq 


X.bit 


X.bit <<- 1 


2 


6 


8 










1 














11 
B2 Bi Bq 


PSW.bit 


PSW.bit ^ 1 


2 


5 




7 


X X 


X 




1 














10 
B2 Bi Bq 


CLR1 saddr.bit 


(saddr.bit) ^ 


2 


6/10 


6 








1 





1 





B2 Bi Bq 






















Saddr-offset 


sfr.bit 


sfr.bit 4- 


3 


10 




14 








1 












1 


10 
1 B2 Bi Bq 
























Sfr-offset 


A.bit 


A.bit i- 


2 


6 


8 










1 












1 


11 

1 Bg Bi Bq 


X.bit 


X.bit ^ 


2 


6 


8 










1 












1 


11 
B2 Bi Bq 


PSW.bit 


PSW.bit 4- 


2 


5 




7 


X X 


X 




1 












1 


10 
Bg Bi Bq 


N0T1 saddr.bit 


(saddr.bit) <-0 (saddr.bit) 


3 


6/10 


10 


14 












1 




1 




1 


10 
B2 Bi Bo 






















Saddr-offset 


sfr.bit 


sfr.bit 4- sfr.bit 


3 


10 




14 












1 




1 




1 


10 
1 B2 Bi Bo 
























Sfr-offset 


A.bit 


A.bit V A.bit 


2 


6 


8 




















11 







1 


1 


1 


1 B2 Bi Bo 


X.bit 


X.bit 4- X.bit 


2 


6 


8 














1 




1 




1 


11 
B2 Bi Bo 


PSW.bit 


PSW.bit V PSW.bit 


2 


5 




7 


X X 


X 








1 




1 




1 


10 
B2 Bi Bo 


SET1 CY 


CY^I 


1 


2 




3 




1 





1 








1 


CLR1 CY 


CY4-0 


1 


2 




3 










1 











N0T1 CY 


CY^CY 


1 


2 




3 




X 





1 








10 
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SEC 



Instruction Set (cont) 




Operation 


Bytes 




Clocics 


Flags 
ZACCY 


0| 


peration Code (Bits 7-0) 


Mnemonic Operand 


IROIVI 


IRAM SFR EiMEM 


Bytes B1 thru B5 


Call/Return 


CALL !addr16 


(SP-1)^(PC + 3)h, 
(SP-2)<-(PC + 3)l. 
PC^!addr16,SP4.SP-2 


3 


10-15 


17 21 







10 10 
LowAddr 






HighAddr 


rp 


(SP-1)^(PC + 2)h. 
(SP-2)4-(PC + 2)l,PCh^ 
rpH,PCL^rpL,SP^SP-2 


2 


12-17 


15 19 







10 1 







10 1 1 P2 Pi 


CALLF laddrll 


(SP-1)^(PC + 2)h.(SP-2)^ 
(PC + 2)l.PCi5+ii 4-00001, 
PC10-0 ^ laddrl 1 , SP 4- SP - 2 


2 


10-15 


14 18 




1 


1 4- 






fa -► 



CALLT [addr5] 



(SP-1) «- (PC + 1)h, (SP-2) ^ 
(PC + 1)l, PCh ^ (00000000, 
addr5 + 1), PQ. ^ (00000000, 
addr5),SP<-SP-2 



1 14-20 20 



24 



1 1 1 



BRK 



(SP-1) 4- PSW, (SP-2) 4- 
(PC + 1)h.(SP-3)4-(PC + 1)l, 
PCh4.(003FH),PCh<- 
(003FH),SP4-SP-3,IE<(-0 



1 16-26 22 



28 



10 1 1110 



RET 




PCl<h(SP),PCh<h(SP + 1), 
SP4-SP + 2 


1 


10-15 


11 


15 


1 


1 


1 


1 





RETI 




PCl<<-(SP),PCh4-(SP+1), 
PSW4.(SP + 2),SP^SP + 3, 
NMIS <<- 


1 


12-20 


15 


21 


R R R 1 


1 


1 


1 


1 


RETB 




PCl^(SP),PCh4.(SP + 1), 
PSW^(SP + 2),SP-eSP + 3 


1 


12-20 


13 


19 


R R R 1 


1 


1 1 


1 


1 


Stack Manipulation 


PUSH 


PSW 


(SP-1)4.PSW,SP<-SP-1 


1 


4-8 


5 


7 


1 





1 





1 




sfr 


(SP-1) ^ sfr, SP 4- SP-1 


2 


7-9 


9 


12 





10 10 
Sfr-offset 





1 




rp 


(SP-1)^rpH(SP-2)4. 
rpL,SP4-SP-2 


1 


8-13 


8 


12 





1 1 


1 1 


Pl 


Po 
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Instruction Set (cont) 




Operation 




Giocks 


Flags 
ZACCY 


Operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes IROM 


IRAM SFR EIMEM 


Bytes B1 thru B5 


Stack Manipulation (cont) 


POP PSW 


PSW4-(SP),SP+-§P + 1 


1 4-8 


6 8 


R R R 


10 10 


sfr 


sfr <- (SP), SP ^ SP + 1 


2 9-11 


9 12 




10 11 
Sfr-offset 


rp 


rpL4-(SP),rpH4-(SP + 1). 
SP ^ SP +2 


1 10-15 


11 15 




11 1 Pi Pq 



MOVW SP,#word 



SP <<- word 



12 



10 11 
1111 110 



Low Byte 



High Byte 





SP.AX 


SP^AX 


2 


9 


11 



1 




1 




1 


1 
1 




1 


1 1 

1 




AX,SP 


AX 4- SP 


2 


10 


12 




1 




1 




1 


1 

1 




1 


1 

1 


INCW 


SP 


SP ^ SP + 1 


2 


5 


7 

















1 1 




1. 


1 








1 





DECW 


SP 


SP<hSP-1 


2 


5 


7 




1 




1 












1 


1 1 
1 
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Instruction Set (cont) 




Operand 


Operation 


Bytes 




Cioclcs 




Fiags 
ZACCY 


Cperaticn Cede 
Bytes B1 tlii 


(Sits 7-C) 


Mnemonic 


IntROiM 


Brancli NoBrancii 


'uB5 


Unconditional Branch 


BR 


!addr16 


PC^!addr16 


3 


5 


11 












1 
1 


110 
LowAddr 




rp 


PCh ^ rpH, PCl ^ rpL 


2 


6 


10 












1 







1 


1 1 
P2P1 




$acicir16 


PC ^ $addr16 


2 


4 


9 















1 
jdisp 


1 


Conditionai Branch 


BC 


$addr16 


PC<<-$addr16lfCY=1 


2 


2/4 


9 


6 




1 











1 1 


BL 








jdisp 




BNC 
BNL 


$addr16 


PC4-$addr16lfCY = 


2 


2/4 


9 


6 




1 









jdisp 


1 


BZ 
BE 


$addr16 


PC^$addr16ifZ=1 


2 


2/4 


9 


6 




1 









jdisp 


1 


BNZ 
BNE 


$addr16 


PC4-$addr16ifZ = 


2 


2/4 


9 


6 




1 









jdisp 





BT 


saddr.bit,$addr16 


PC ^ $addr16if (saddr.bit) = 1 


3 


5-9 


12 


9 







1 


11 B2 Bi Bo 
Saddr-offset 










jdisp 





sfr.bit, $addr16 PC ^ $addr16 if sf r.bit = 1 



7/9 16 



13 



10 

10 11 1 B2 Bi Bq 

Sfr-offset 



jdisp 



A.bit,$addr16 


PC4-$addr16ifA.bit = 1 


3 


5/7 


12 


9 




1 








1 


11 

1 1 B2 Bi Bo 
jdisp 


X.bit,$addr16 


PC^$addr16ifX.bit = 1 


3 


5/7 


12 


9 



1 








1 


11 

1 B2 Bi Bo 
jdisp 


PSW.bit,$addr16 


PC^$addr16ifPSW.bit = 1 


3 


5/7 


12 


9 



1 








1 


10 

1 B2 Bi Bo 
jdisp 
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Instruction Set (cont) 




Cloclcs Flags 


Operation Code (Bits 7-0) 


Mnemonic Operand Operation 


Bytes IntROiM Branch No Branch ZACCY 


Bytes BI thru B5 


Conditional Branch (cont) 



BF saddr.bit,$addr16 PC ^ $addr16 if (saddr.bit) = 



5-9 15 



12 



10 

10 10 1 B2 Bi Bo 

Saddr-offset 

jdisp 



sfr.bit,$addr16 PC •<- $addr16 if sfr.bit = 



7/9 16 



13 



BTCLR saddr.bit,$addr16 PC ^ $addr16 if (saddr.bit) = 1 
tlnen reset (saddr.bit) 



5-13 15 



12 



10 

10 10 1 B2 Bi Bo 

Sfr-offset 

jdisp 



A.bit,$addr16 


PC4-$addr16ifA.bit = 


3 


5/7 


12 


9 



1 








1 


11 
1 B2 Bi Bo 
jdisp 


X.bit.$addr16 


PC<(-$addr16ifX.bit = 


3 


5/7 


12 


9 



1 








1 


6 11 
B2 Bi Bq 
jdisp 


PSW.bit,$addr16 


PC^$addr16ifPSW.bit = 


3 


5/7 


12 


9 



1 








1 


10 
B2 Bi Bo 
jdisp 



10 
110 1 1 B2 Bi Bo 



Saddr-offset 



jdisp 



sfr.bit,$addr16 PC ^ $addr16 if sfr.bit = 1 
tiien reset sfr.bit 



7/13 18 



13 



10 

110 1 1 B2 Bi Bo 

Sfr-offset 

jdisp 



A.bit,$addr16 


PC^$addr16ifA.bit = 1 


3 


5/9 


12 


9 











11 




then reset A. bit 










1 


1 





1 1 B2 Bi Bo 
jdisp 


X.bit,$addr16 


PC4-$addr16ifX.bit = 1 


3 


5/9 


12 


9 











11 




tlien reset X.bit 










1 


1 





1 B2 Bi Bo 
jdisp 


PSW.bit,$addr16 


PC*-$addr16ifPSW.blt = 1 


3 


5/8 


12 


9 


X X X 








10 




then reset PSW.bit 










1 


1 





1 B2 Bi Bo 
jdisp 
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Instruction Set (cont) 




Operation 




Clocks Flags 


Operation Code fBits 7-0) 


mnemonic Operand 


Bytes IntROM 


Branch No Branch ZACCY 


Bytes B1 thru B5 


Conditional Branch (cont) 


DBNZ rl,$addr16 


rl+-rl-1,thenPC^ 
$addr16ifrl*0 


2 3/5 


9 6 


11 1 Ro 
jdisp 


saddr.$adclr16 


(saddr)^(saddr)-1,then 
PC4-$addr16if(saddr)*0 


3 4-10 


12 9 


11 10 11 
Saddr-offset 




jdisp 


GPU Control 



MOV 



STBC,#byte STBC 4- byte 



10 



15 



10 1 
110 



Data 



Data 



SEL 


RBn 


RBS1-0^n,n = 0-3 


2 


2 


6 




1 10 


10 1 

1 Ni No 


NOP 




No Operation 


1 


2 


3 








El 




IE <(-1 (Enable Interrupt) 


1 


2 


3 


10 


10 11 


Dl 




IE ^0 (Disable Interrupt) 


1 


2 


3 


10 


10 10 
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NEC Electronics Inc. 



rxPD7822x 

Advanced, 8- Bit 

Real-Time Controi IMIcrocomputers 

With Analog Comparators 



Description 

The ^,PD78220, jjuPD78224, and |xPD78P224 are high- 
performance, 8-bit, single-chip microcomputers. They 
contain extended addressing capabilities for up to 1 M byte 
of external memory. The devices also integrate sophisti- 
cated analog and digital peripherals as well as two low- 
power standby modes that make them ideal for low- power/ 
battery backup applications. 

The |jlPD7822x family focuses on embedded control with 
features such as hardware multiply and divide, two levels 
of interrupt response, four banks of main registers for multi- 
tasking, and macroservlce for processor- independent 
peripheral and memory DMA. Augmenting this high-per- 
formance core are advanced components; for example, 
eight analog voltage comparators, two independent serial 
interfaces, several counter/timers for PWM outputs, and a 
real-time output port. On board memory includes 640 
bytes of RAM and 16K bytes of mask ROM or OTP ROM. 

The macroservlce routine allows data to be transferred 
between any combination of memory and peripherals inde- 
pendent of the current program execution. The four banks 
of processor registers allow simplified context switching to 
be performed. Both features combined with powerful on- 
chip peripherals make this part ideal for a wide variety of 
embedded control applications. 

Features 

D Complete single -chip microcomputer 
-8-bltALU 

- 16K ROM 

- 640 bytes RAM 

- Both 1-bit and 8-blt logic 

D Instruction prefetch queue 
D Hardware multiply and divide 



D Memory expansion 

— 8085 bus-compatible 

— 64K program address space 

— 1M data address space 

D Large I/O capacity: up to 71 I/O port lines 

D Extensive timer/counter functions 

— One 16- bit timer/counter/event counter 

— Two 8-bit timer/counter/event counter 

D Four timer-controlled PWM channels 
D Two 4- bit real-time output ports 

D Extensive interrupt handler 

— Vectored Interrupt handling 

— Programmable priority 

— Macroservlce mode 

D Two independent serial ports 

D Refresh output for pseudostatic RAM 

D On-chip clock generator 

— 12-MHz maximum CPU clock frequency 

— 0.33-|jls instruction cycle 

D CMOS silicon gate technology 
n 5-volt power supply 



Ordering Information 




Part Number ROM 


Package 


JJIPD78220L ROMIess 
M-PD78220GJ 


84-pin PLCC 
94-pin plastic QFP 


M-PD78224L 16K Mask ROM 
^jiPD78224GJ 


84-pin PLCC 
94-plasticQFP 


M-PD78P224L 16K0TPR0M 
JJIPD78P224GJ 


84-pin PLCC 
94-pin plastic QFP 
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Pin Identification 



Symbol 


Function 


PO0PO7 


Output port 


PI0-PI7 


l/Oport1 


P2o/NMI 


Input port 2/Non-maskable interrupt input 


P2i-P22/INTP0-INTP1 


Input port 2/Ext interrupt input/timer trigger 


P23/INTP2/CI 


Input port 2/Ext interrupt input/Clock input 


P24/INTP3 


Input port 2/Ext interrupt input/timer trigger 


P25/INTP4 


Input port 2/External interrupt input 


P26/INTP5 


Input port 2/External interrupt input 


P27/INTP6/SI 


Input port 2/Ext interrupt input/Serial input 


P3o/RxD 


I/O port 3/Serial receive input 


P3i/TxD 


I/O port 3/Serial transmit output 


PSg/SCK 


I/O port 3/Serial clock input/output 


P33/SO/SBO 


I/O port 3/Serial output/Serial bus I/O 


P34-P37/TOO-TO3 


I/O port 3/Timer output 


P40-P47/AD0-AD7 


I/O port 4/Lower address byte/data bus 



Symbol 


Function 


P5o-P57/A8-Ai5 


I/O port 5/Upper address byte 


P6o-P63/Ai6"Ai9 


Output port 6/Extended address nibble 


P64/RD 


I/O port 6/Read strobe output 


P65/WR 


I/O port 6/Write strobe output 


P66/WAIT 


I/O port 6/ Wait input 


P67/REFRQ 


I/O ports/Refresh output 


P70-P76 


I/O port 7 


PT0-PT7 


Port T analog inputs to voltage comparators 


ASTB 


Address strobe output 


RESET 


External reset input 


EA 


External memory access control input 


X1,X2 


External crystal or external clock input 


Vdd 


Positive power supply input 


Vss 


Power return; normally ground 


NO 


Noconnection 


10 


Internal connection; connect to Vss 



Pin Configurations 
84'Pin PLCC 



§5 

Q.Q-Q.Q.Z>>a.Q.CX.Q.Q.Q.Q.a.|uj>><Q.Q. 






nnnnnnnnnnnnnnnnnnnnn 








^ T-O0>00h.<Dl0TrC0eMi-'«tC0CMi-O0>00h.<Dl0 

'^T-T- oocooooooor*h-r>-p^rv 




P74 C 


12 74 


H P42/AD2 




P75 C 


13 73 


H P43/AD3 




P76 C 


14 72 


D P44/AD4 




P2o/NMI C 


15 71 


H P45/AD5 




P21 / INTPO C 


16 70 


3 PAQ/ADe 




P22/INTP1 C 


17 69 


H P47/AD7 




P23/INTP2/CI C 


18 68 


H P5o/A8 




P24/INTP3 C 


19 67 


3 P5i/A9 




P25/INTP4 C 


20 66 


D P52/A10 




P26/INTP5 E 


21 65 


3 P53/A11 




P27/INTP6/SI C 


22 64 


3 P54/A12 




P3o/RxD C 


23 63 


3 P55/A13 




P3i/TxD C 


24 62 


3 PSq/Au 




P32/SCK C 


25 61 


=1 P57/A15 




P33/SO/SB0 C 


26 60 


3 P60/A16 




P34/TCX) c 


27 59 


H P61/A17 




P35/TOI c 


28 58 


3 P62/A18 




P36/T02 C 


29 57 


3 P63/A19 




P37^03 C 


30 56 


3 P64/RD 




PTO C 


31 55 


3 P65/WR 




PT1 C 


32 54 


3 P66/WAIT 






uuuuuuuuuuuuuuuuuuuuu 




ggggge 


V- a C\l T- C0C/5O'^CMC0Tfl0<0r>. 

GqXx||oooooooo 


s 

y 




1- 






83ML-5986B 
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P66/WArr £ 
P65/WR c 
P64/RD c 

P63/A19 c 
P62/A18 c 

P61/A17 c 

P60/A16 

NC 
P57/A15 

PSe/Au 
P55/A13 

NC 

P54/A12 

P53/A11 

P52/A10 

P51 /A9 

P50/A8 

NC 

P47/AD7 

P46/AD6 

P45/AD5 

P44/AD4 

P43/AD3 C 

P42/AD2 C 



0-Nio>tn^caro-«^o OWW 



^ -^ ;^ -^ -^ ;^ 
^ o> cn A u 10 



nnnnnnnnnnnnnnnnnnnnnnn 



« i\s -^ o 5oo^o>w^ww^o«>oo-vJcntn^o3N>-* 



24 
25 
26 
27 
28 
29 
30 
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Pin Functions 

POn-'PO-r. Port is an. 8-bit, tristate output port. Port 
can also be configured as two 4- bit, real-time (timer- 
controlled) output ports. 

PI0-PI7. Port 1 is an 8-bit bidirectional tristate port. Bits 
are individually programmable as input/output. Each pin is 
capable of driving an LED directly (8 mA). 

P20-P27. Port 2 is an 8-blt Input port. 

NIVII. Non-maskable Interrupt input. 

iNTP0-iNTP6. External Interrupt inputs. INTPO, INTP1, 
and INTP3 are timer capture trigger inputs. 

CI. External clock Input to the timer. 

SI. Serial data input for three- line serial I/O mode. 

PSo-PSy. Port 3 is an 8-blt tristate I/O port, each bit pro- 
grammable as input/output. 

RxD. Receive serial data Input. 

TxD. Transmit serial data output. 

SCK. Serial shift clock output/input. 

SO. Serial data output for three-line serial I/O mode. 

SBO. I/O bus for the clocked serial interface. 

TO0-TO3. Timer flip-flop outputs. 

P4o-P47. Port 4 Is an 8-bit, bidirectional tristate port. 

AD0-AD7. Multiplexed address/data bus used with 
external memory or expanded I/O. 

PSo-PSy. Port 5 is an 8-bit, tristate output port. 

As-A-is. Upper-order address bus used with external 
memory or expanded I/O. 

P60-P63. Pins P60-P63 of port 6 are outputs. 

A16-A19. Extended -order address bus used with external 
memory. 



P64-P67. Pins P64-P67 of port 6 are individually pro- 
grammable tristate Input/output pins. 

RD. Read strobe output used by external memory (or data 
registers) to place data on the I/O bus during a read 
operation. 

WR. Write strobe output used by external memory (or data 
registers) to latch data from the I/O bus during a write 
operation. 



WAIT. Wait signal input. 



REFRQ. Refresh pulse output used by external pseudo- 
static memory. 

P7o-P7q. Port 7 has seven individually programmable tri- 
state I/O pins. 

PT0-PT7. Port T Is an eight- line input port. The analog vol- 
tage on each line is compared continuously with a pro- 
grammable threshold voltage. 

ASTB. Address strobe output used by external circuitry to 
latch the low-order 8 address bits during the first part of a 
read or write cycle. 



RESET. A low level on this external reset input sets all re- 
gisters to their specified reset values. This pin, together 
with P2o/NMI, sets the |xPD78P224 in the PROM program- 
ming mode. 

EA. Control signal input that selects external memory or 
internal ROM as the program memory. When EA Is low, 
ROMIess mode is Initiated and external memory is 
accessed. 

XI , X2. For frequency control of the internal clock oscil- 
lator, a crystal is connected to X1 and X2. If the clock is 
supplied by an external source, the clock signal is con- 
nected to X1 and the inverted clock signal is connected 
toX2. 
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IjlPD7822x Block Diagram 
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FUNCTIONAL DESCRIPTION 

Timing 

The maximum clock frequency is 12 MHz. The clock is de- 
rived from an external crystal or an external oscillator. The 
internal processor clock is two-phase and the machine 
states are executed at a rate of 6 MHz. The shortest In- 
structions require two states (333 ns). The CPU contains a 
one- byte instruction prefetch. This allows a subsequent 
instruction to be fetched during the execution of an instruc- 
tion that does not reference memory. 

iVIemory Map 

The |xPD7822x has 1M bytes of address space. This 
address space is partitioned into 64K bytes of program 



memory starting at address OOOOOH. (See figure 1.) The 
remainder of the 1 M bytes can be accessed as data mem- 
ory space. 

External memory is supported by I/O port 4, an 8-bit multi- 
plexed address/data bus. The memory mapping register 
controls the size of external memory as well as the number 
of added wait states. The upper address byte is derived 
from port 5, and the extended address nibble is derived 
from port 6. 

The |xPD78224 has on-chip mask ROM occupying the 
space from OOOOOH to 03FFFH. When the ROM is used 
and no other program or data space is required, ports 4, 5, 
and 6 are available as additional I/O ports. 



Figure 1. Memory Map 
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General- Purpose Registers 

The general-purpose registers are mapped into specific 
addresses in data memory. They are made up of four 
banks, each bank consisting of eight 8-bit or four 16-bit 
registers. The register bank used is specified by a CPU 
instruction. This can be checked by reading RBSO and 
RBS1 in the program status word (PSW).The general - 
purpose register configuration is shown in figure 2. 

Figure 2. Register Mapping 
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Special Registers 

There are three different special registers. The first is a 16- 
bit binary counter that holds the next program address to 
be executed and is named the program counter. The stack 
pointer is the second special 16-bit register. The stack 
pointer holds the address of the stack area (a last in, first 
out system). The third special register Is an 8-bit program 
status word. This register contains various flags that are 
set or reset depending on the results of instruction execu- 
tion. The program status word format is as follows: 

7 



IE 


Z 


RBS1 


AC 


RBSO 





ISP 


CY 



CY 


Carry flag 


ISP 


Interrupt priority status flag 


RBSO, RBS1 


Register bank selection flags 


AC 


Auxiliary carry flag 


Z 


Zero flag 


IE 


Interrupt request enable flag 



Special Function Registers 

These registers are assigned to special functions such as 
the mode and control registers for on-chip peripheral 
hardware. They are mapped into the 256- byte memory 
space from OFFOOH to OFFFFH. Table 1 is a list of special 
function registers. 
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Table 1. Special Function Registers 



Address 



Special Function Register (SFR) Name 



Symbol 



R/W 



Handleable 

Bit Unit 
1 8 16 
Bit Bit Bit 



On Reset 



OFFOOH 


Porto 


PO 


R/W 





- 


Indeterminate 


0FF01H 


Port1 


PI 


R/W 








Indeterminate 


0FF02H 


Port 2 


P2 


R 





- 


Indeterminate 


0FF03H 


Port3 


P3 


R/W 








Indeterminate 


0FF04H 


Port 4 


P4 


R/W 








Indeterminate 


0FF05H 


Ports 


P5 


R/W 





- 


Indeterminate 


0FF06H 


Porte 


P6 


R/W 








xOH 


0FF07H 


Port? 


P7 


R/W 





- 


Indeterminate 


OFFOAH 


Port buffer register (low) 


POL 


R/W 





- 


Indeterminate 


OFFOBH 


Port buffer register (high) 


POH 


R/W 








Indeterminate 


OFFOCH 


Real-time output port control register 


RTPC 


R/W 





- 


OOH 


0FF10H, 
0FF11H 


16-bit compare register (16-bit timer/counter) 


CROO 


R/W 


- 


- 


indeterminate 


0FF12H, 
0FF13H 


16-bit compare register 1 (16-bit timer/counter) 


CR01 


R/W 


- 


- 


Indeterminate 


0FF14H 


8-bit compare register (8-bit timer/counter 1 ) 


CR10 


R/W 


- 





Indeterminate 


0FF15H 


8-bit compare register (8-bit timer/counter 2) 


CR20 


R/W 


- 


- 


Indeterminate 


0FF16H 


8-bit compare register (8-bit timer/counter 2) 


CR21 


R/W 


- 


- 


Indeterminate 


0FF17H 


BRG 8- bit compare register 


CR30 


R/W 


- 





Indeterminate 


0FF18H, 
0FF19H 


16-bit capture register (16-bit timer/counter) 


CR02 


R 


- 


- 


Indeterminate 


0FF1AH 


8-bit capture register (8-bit timer/counter 2) 


CR22 


R 


- 





Indeterminate 


0FF1CH 


8-bit capture/compare register (8-blt timer/counter 1 ) 


CR11 


R/W 


- 


- 


Indeterminate 


0FF20H 


Porto mode register 


PMO 


W 


- 


- 


FFH 


0FF21H 


Port 1 mode register 


PM1 


W 


- 





FFH 


0FF23H 


Port 3 mode register 


PM3 


W 


- 


- 


FFH 


0FF25H 


Port 5 mode register 


PM5 


W 


- 


- 


FFH 


0FF26H 


Port 6 mode register 


PM6 


R/W 


- 





FFH 


0FF27H 


Port 7 mode register 


PM7 


W 


- 


- 


7FH 


0FF30H 


Capture/compare control register 


CRCO 


W 


- 


- 


10H 


0FF31H 


Timer output control register 


TOC 


W 


- 


- 


OOH 


0FF32H 


Capture/compare control register 1 


CRC1 


W 


- 


- 


OOH 


0FF34H 


Capture/compare control register 2 


CRC2 


W 


- 





OOH 


0FF43H 


Port 3 mode control register 


PMC3 


R/W 





- 


OOH 


0FF50H, 
0FF51H 


16-bit timer registerO 


TMO 


R 


- 


- 


OOOOH 


0FF52H 


8-bit timer register: CH-1 


TM1 


R 


- 


- 


OOH 
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Table 1. 


Special Function Registers (cont) 














Address 


Special Function Register (SFR) Name 


Symbol 


R/W 


Handleable 

Bit Unit 
1 8 16 
Bit Bit Bit 


On Reset 


0FF54H 


8-bit timer register: CH -2 


TM2 


R 


- 





- 


OOH 


0FF56H 


BRG 8-bit timer register 


TM3 


R 


- 





- 


OOH 


0FF5CH 


Prescaler mode register 


PRMO 


W 


- 





- 


OOH 


0FF5DH 


Timer control register 


TMCO 


R/W 


- 





- 


OOH 


0FF5EH 


Prescaler mode register 1 


PRM1 


W 


- 





- 


OOH 


0FF5FH 


Timer control register 1 


TMC1 


R/W 


- 





- 


OOH 


0FF6EH 


Port T mode register 


PMT 


R/W 








- 


OOH 


0FF6FH 


PortT 


PT 


R 








- 


Indeterminate 


0FF80H 


Clocl<ed serial interface mode register 


CSIM 


R/W 








- 


OOH 


0FF82H 


Serial bus interface control register 


SBIC 


R/W 








- 


OOH 


0FF86H 


Serial shift register 


SIO 


R/W 


- 





- 


Indeterminate 


0FF88H 


Asynclironous serial interface mode register 


ASIM 


R/W 








- 


80H 


0FF8AH 


Asynchronous serial interface status register 


ASIS 


R 








- 


OOH 


0FF8CH 


Serial receive buffer: UART 


RxB 


R 


- 





- 


Indeterminate 


0FF8EH 


Serial send shift register: UART 


TxS 


W 


- 





- 


Indeterminate 


OFFCOH 


Standby control register 


STBC 


R/W 


- 





- 


OOOOxOOOB 


0FFC4H 


Memory expansion mode register 


MM 


R/W 








- 


20H 


0FFC5H 


Programmable wait control register 


PW 


R/W 








- 


80H 


0FFC6H 


Refresh mode register 


RFM 


R/W 








- 


OOH 


OFFEOH 


Interrupt request flag register L 


IFOL IFO 


R/W 











Indeterminate 


0FFE1H 


Interrupt request flag register H 


IFOH 


R/W 










Indeterminate 


0FFE4H 


Interrupt mask flag register L 


MKOL MKO 


R/W 











FFFFH 


0FFE5H 


Interrupt mask flag register H 


MKOH 


R/W 










FFFFH 


0FFE8H 


Priority specification flag register L 


PROL PRO 


R/W 











FFFFH 


0FFE9H 


Priority specification flag register H 


PROH 


R/W 










FFFFH 


OFFECH 


Interrupt servicemode specification flag register L 


ISMOL ISMO 


R/W 











OOOOH 


OFFEDH 


Interrupt service mode specification flag register H 


ISMOH 


R/W 










OOOOH 


0FFF4H 


External interrupt mode register 


INTMO 


R/W 








- 


OOH 


0FFF5H 


External interrupt mode register 1 


INTM1 


R/W 








- 


OOH 


0FFF8H 


Interrupt status register 


1ST 


R/W 








-. 


OOH 



D 
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Input/Output Ports 

Functions of ports P0-P7 and PT are explained below. All 
ports are 8 bits wide except P7, whicii is 7 bits wide. 

Port Function 

PO 8- bit output port or two 4- bit real time output 

ports 

P1 Bit programmable for input or output; large 

current capacity 

P2 Input 

P3 Bit programmable for input or output 

P4 Input or output 

P5 Output 

P60-P63 Output 

P64- P67 Bit programmable for input or output 

P7 Bit programmable for input or output 

PT Inputs to eight voltage comparators 

Real-Time Output Port 

The real-time output port (figure 3) shares pins with port 0. 
The high and low nibbles may be treated separately or to- 
gether. In the real-time output function, data stored be- 
forehand in the buffer register is transferred to the output 

Figure 3. Real-Time Output Port 



latch simultaneously with the generation of either a timer 
interrupt or external interrupt. Using the real-time output 
function in conjunction with the macroservice function 
enables port to output preprogrammed patterns at pre- 
programmed variable time intervals. 

PortT 

As shown in figure 4, the analog input voltage on each line 
of port T is compared with a programmable threshold vol- 
tage. The comparator output is 1 if the input voltage is 
higher than the threshold or if it is lower. 

Four bits from the PTM register are decoded to set the 
threshold voltage at one of 15 steps: Vdd x 1/16 through 
Vdd X 15/16. Each comparator operates continuously as 
follows. 

(1 ) Threshold voltage is set by writing the PTM register. 

(2) As each comparison is completed, the result is 
latched in port T and the next comparison begins. 

(3) Unless the PTM register is rewritten, the threshold 
voltage is not changed. 

Two bits from the PTM register specify the connection of 
pull-up resistors in 4-bit units. When PTM is settoOOH, the 
resistor ladder is released and threshold voltage is not sup- 
plied to the comparators. This can be done in the standby 
mode to eliminate unnecessary current drain. 
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Figure 4. Comparator Port T 
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Serial Interface 

The |jlPD7822x has two independent serial interfaces. 

• Asynchronous serial interface (DART) (figure 5) 

• Clock-synchronized serial interface (figure 6) 

A universal asynchronous receiver transmitter (DART) is 
used as an asynchronous serial interface. This interface 
transfers one byte of data following a start bit. The 
jjlPD7822x contains a baud rate generator. This allows 
data to be transferred over a wide range of transfer rates. 

The clock-synchronized serial interface has two different 
modes of operation: 

• Three-line serial I/O mode. 

In this mode, data 8 bits long is transferred along three 
lines: a serial clock (SCK) line and two serial bus lines 
(SO and SI). This mode is convenient when the 
|jlPD7822x is connected to peripheral l/Os and display 
controllers that have the conventional clock- 
synchronized serial interface. 

• Serial bus interface mode (SBI). 

In this mode the jjlPD7822x can communicate data with 
several devices using the serial clock (SCK) and the se- 
rial data bus (SBO) lines. This mode conforms to NEC's 
serial bus format. In SBI mode, addresses that select a 
device to communicate with, commands that direct the 
device, and actual data are output to the serial data bus. 
A handshake line, which was required for connecting 
several devices in the conventional clock- synchronized 
serial interface, is not needed. 
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Figures. Asynchronous Serial Interface 
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Figure 6. Clock-Synchronized Serial interface 
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Timer/Counters 

The |jlPD7822x has three timer/counters: one 16-bit and 
two 8-bit. The 16-bit timer/counter (figure 7) has the basic 
functionality of an interval timer, a programmable square- 
wave output, and a pulse width measurer. These functions 
can provide a digital delayed one-shot output, a pulse 
width modulated output, and a cycle measurer. 



Figure 7. 16-Bit Timer/Counter 



The two 8-bit timer/counters can provide the basic func- 
tions of an interval timer and a pulse width measurer. 
Timer/counter 1 can also be used as a timer for output 
trigger generation for the real-time output port. Timer/ 
counter 2 can also provide an external event counter, a 
one-shot timer, a programmable square-wave output, a 
pulse-width modulated output, and a cycle measurer. See 
figures 8 and 9. 
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Figures. 8- Bit Timer/Counter 1 
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Figure 9. 8-Bit Timer/Counter 2 
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fCLK/512 ■ 
fCLK/256 ■ 
fCLK/^28 ■ 
fCLK/64 • 
fGLK/32 ■ 



CLK 



/16 



IZ 



Compare 
Register (CR21) 



CLR21 



ENT03 



SZ. 



ALV3 



III 



Output 
Control 
Circuit 



Capture Trigger 



PRS23 



PRS22 



J^ 



PRS20 




Internal Bus 



ALV2 



-o P36/r02 



- INTC20 



-o P37/TO3 



Interrupts 

There are 18 interrupt request sources; each source is allo- 
cated a location in the vector table. (See table 2.) There is 
one software interrupt request and one of the remaining 17 
interrupts is non-maskable. The software interrupt and the 
non-maskable interrupt are unconditionally received even 
in the Dl state. These two interrupts possess the maximum 
priority. The maskable interrupt requests are subject to 
mask control by the setting of the interrupt mask flag. 



There are default priorities associated with each maskable 
interrupt and these can be assigned to either of two pro- 
grammable priority levels. Interrupts may be serviced by 
the vectored interrupt method where a branch to a desired 
service program is executed. Interrupts may also be handled 
by the macroservice function where a preassigned proc- 
ess is performed without program intervention. 
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Table 2. Interrupt Sources and Vector Addresses 



Interrupt 
Request 
Type 



Default 
Priority 



Interrupt Request Source 



Vector 
Macroservlce Table 

Handling Address 



Software 



None 



BRK instruction execution 



003EH 



Non-maskable None NMI (pin input edge detection) 



0002H 



Maskable 






INTPO (pin input edge detection) 


- 


0006H 


1 


INTP1 (pin input edge detection) 


- 


0008H 


2 


INTP2 (pin input edge detection) 


- 


OOOAH 


3 


INTP3 (pin input edge detection) 


- 


OOOCH 


4 


INTCOO (TMO-CROO coincidence signal generation) 


- 


001 4H 


5 


INTC01 (TM0-CR01 coincidence signal generation) 


- 


001 6H 


6 


INTC1 (TM1 -CR1 coincidence signal generation) 


Yes 


001 SH 


7 


INTC11 (TM1-CR11 coincidence signal generation) 


Yes 


001 AH 


8 


INTC21 (TM2-CR21 coincidence signal generation) 


- 


001 CH 


9 


INTP4 (pin input edge detection) 


Yes 


OOOEH 


10 


INTP5 (pin input edge detection) 


- 


001 OH 


11 


INTP6 (pin input edge detection) 


- 


001 2H 


12 


INTSER (generation of asynchronous serial interface receive error) 


- 


0020H 


13 


INTSR (end of asynchronous serial interface reception) 


Yes 


0022H 


14 


INTST (end of asynchronous serial interface transmission) 


Yes 


0024H 



15 



INTCSI (end of clocked serial interface transfer) 



Yes 



0026H 



Macroservlce 

The macroservice function can be programmed to transfer 
data from a special function register to memory or from 
memory to a special function register. Transfer events are 
triggered by interrupt requests and take place without soft- 
ware intervention. There are six interrupt requests where 
macroservicing can be executed. The macroservice func- 
tion is controlled by the macroservice mode register and 
the macroservice channel pointer. The macroservice 
mode register assigns the macroservicing mode and the 
macroservice channel pointer indicates the address of the 
memory location pointers. The location of each register 
and its corresponding interrupt is shown in figure 10. 

Refresh 

The refresh signal is used with a pseudostatic RAM. The 
refresh cycle can be set to one of four intervals ranging 
from 2.6 to 21 .3 jjls. The refresh is timed to follow a read or 
write operation so there is no interference. 

Standby Modes 

Halt and stop functions reduce system power consump- 
tion. In the halt mode, the CPU stops and the system clock 
continues to run. A release of the halt mode is initi ated by 
an unmasked interrupt request, an NMI, or a RESET 
input. In the stop mode, the CPU and system clock are 



both stopped, reducing the power consumption even 
further. The stop mode is released by an NMI input or a 
RESET input. 

Figure 10. Macroservice Control Word Map 



OFEDFH 


Channel Pointer 


OFEDEH 


Mode Register 


OFEDDH 


Channel Pointer 


OFEDCH 


Mode Register 


OFEDBH 


Channel Pointer 


OFEDAH 


Mode Register 


0FED9H 


Channel Pointer 


0FED8H 


Mode Register 


0FED7H 


Channel Pointer 


0FED6H 


Mode Register 


0FED5H 


Channel Pointer 


0FED4H 


Mode Register 



INTST 



INTCSI 



INTP4 
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ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings 

Ta=+25«C. 








Item 


Symbol 


Conditions 


Rating 


Unit 


Operating voltage 


Vdd 




-0.5to+7.0 


V 


Input voltage 


V| 




-0.5toVDD + 0.5 


V 


Output voltage 


vo 




-0.5 to Vdd + 0.5 


V 



Low- level output current 



•OL 



One output pin 



All output pins total 



30 (peak) 



15 (mean value) 



150 (peak) 



mA 



mA 



mA 









100 (mean value) 


mA 


High-level output current 


lOH 


One output pin 


-2 


mA 






All output pins total 


-50 


mA 


Operating temperature 


ToPT 




-40 to +85 


°C 


Storage temperature 


TSTG 




-65 to +150 


°C 



Operating Frequency 






Oscillation Frequency 


Ta 


Vdd 


fxX = 4to12MHz 


-40to+85°C 


+5V±5% 




-10to+70°C 


+5V±10% 



Capacitance 

Ta=+25"'C;Vdd = Vss = 0V. 



item 


Symbol lyp Max 


Unit 


Conditions 


Input capacitance 


C| 20 


PF 


f= 1MHz; pins not 


Output capacitance 


Co 20 


PF 


used for measure- 
ment are at V 


Input/output capacitance 


C,o 20 


pF 





DC Characteristics 

Ta = -40 to +85°C; Vdd = +5 V : 


t10%;Vss = 


V. 










Item 


Symbol 


Conditions 


MIn 


tVp 


Max 


Unit 


Low-level input voltage 


V|L 


Except FT pins 







0.8 


V 


High-level input voltage 


V,Hi 


Except FT pins and pins in Note 1 


2.2 




Vdd 


V 




V|H2 


Fins in Note! 


0.8 Vdd 




Vdd 


V 


Low-level output voltage 


VOLI 


IOL = 2.0 mA 






0.45 


V 




V0L2 


Iql = 80 mA (Fort Fl pins) 






1.0 


V 


High-level output voltage 


VOHI 


loH = -10mA 


Vdd- 1-0 






V 




VoH2 


Ioh = -100M'A 


Vdd-0.5 






V 


Input leakage current 


Ili 


V| = OtoVDD 






±10 


M-A 


Output leakage current 


'lo 


Vo = OtoVDD 






±10 


J.A 


Pull-up current 


l|PT 


V| = OV;FTpins 




-150 


-400 


J.A 


Vdd power supply current 


'ddi 


Operating mode, fxx = 12 MHz 




16 


40 


mA 




'dD2 


HALT mode, fxx= 12 MHz 




7 


20 


mA 


Data retention voltage 


Vdddr 


STOFmode 


2.5 




5.5 


V 


Data retention current 


'dddr 


STOFmode VdddR = 2.5V 




2 


20 


fiA 




Vdddr = 5V±10% 




5 


50 


^.A 



Notes: 

(1) X1,X2, RESET, F2o/NMI, 
F24/INTF3, F25/INTF4, 
F33/SO/SBO, and EA pins. 



F2i/INTF0, F22/INTPI, F23/INTF2/CI, 
F26/INTF5, F27/INTF6/SI, F32/SCK, 
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Figure 1 1. Voltage Thresholds for Timing 
Measurements 



Vdd-1 ■ 



X0.8 Vdd or 2.2 V \/ 
A 



Read/Write Operation 

Ta = -40 to +85°C; Vqd = +5 V ± 10%; Vss = 


= V; fxx = 12 MHz; Cl 


= 100 pF. 








Item 


Symbol 


Conditions 


Min 


Max 


Unit 


X1 input clock cycle time 


tCYX 




82 


250 


ns 


Address setup time to ASTB i 


tSAST 




52 




ns 


Address hold time from ASTB i (Note 2) 


tHSTA 


RL = 5ka,CL = 50pF 


25 




ns 


Address to RD I delay time 


toAR 




129 




ns 


Address float time from RD i 


tpAR 




11 




ns 


Address to data input time 


tDAID 






228 


ns 


ASTB i to data input time 


bSTID 






181 


ns 


RDi to data input time 


tDRID 






99 


ns 


ASTB i to RDi delay time 


bSTR 




52 




ns 


Data hold time fromRDt 


tHRID 









ns 


RD t to address active time 


bRA 




124 




ns 


RDttoASTBt delay time 


tORST 




124 




ns 


RD low-level width 


tWRL 




124 




ns 


ASTB high-level width 


twSTH 




52 




ns 


Address to WR i delay time 


bAW 




129 




ns 


ASTB i to data output time 


bSTOD 






142 


ns 


WR i to data output time 


bWOD 






60 


ns 


ASTB i to WR i delay time 


bSTWI 




52 




ns 




tDSTW2 


Refresh mode 


129 




ns 


Data setup time to WR t 


tsODWR 




146 




ns 


Data setup time to WR I (Note1) 


tsODWF 


Refresh mode 


22 




ns 


Data hold time from WR t (Note 2) 


tHWOD 




20 




ns 


WRttoASTBt delay time 


tpWST 




42 




ns 


WR low-level width 


twWL1 




196 




ns 




twwL2 


Refresh mode 


114 




ns 


Address to WAIT i input time 


bAWT 






146 


ns 


ASTB i to WAIT i input time 


bsTwr 






84 


ns 


WAIT hold time from X1 i 


tHWTX 









ns 


WAIT setup time to X1 t 


tsWTX 









ns 



Notes: 

(1) When accessing a pseud ostat ic RAM (|xPD4168, etc.) that clocks in 
data at the falling edge of WR, use tsoowF instead of tsoowR as the 
data setup time. 

(2) The hold time includes the time during which Vqh and Vql are 
retained under the following load conditions: Cl = 100 pF and 
R, = 2 ka. 



6-81 



|xPD7822x 



HEC 



Figure 12. Read Operation Timing 



RD 



XX 



AD -AD 7 — — / V Address ^ 



^SAST 



^DAID- 



^DAR ► 



'•-^STH-*' 



^. 



*DSTR- 



'FAR 
*DSTID- 



XX 



-J Input Data ^ J" Y 



y V 



-toRST ^ 



•* ^DRID ^ 



^WRL- 



\ 



f 
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Figure 13. Write Operation Timing 



A8-A19 



^a 



XX 



/ \ Address ^ 



Ji '^^ 



HSTA 
DSTOD- 

^DWOD 
I 



r*-*DSTW1"*l 
4 1 



<X 



i 



Output Data 



h<X 



DSTW2 " 



twwL2' 



■♦■tuvAinn"*" 



/ 



y V 



E 



Figure 14. External WAIT Input Timing 
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Serial Port Operation 

Ta = -40 to +85°C; Vdd = +5 V ± 10%; Vss = 


= 0V;fxx = 12MHz 


Cl=100pF. 








item 


Symboi 


t 


Donditions 


Min 


Max 


Unit 


Serial clock cycle time 


tCYSK 


Input 


External clock 


1.0 




[XS 




Output 


Internal clock/ 16 
Internal clock/64 


1.3 
5.3 




|XS 

[XS 


Serial clock low-level width 


twSKL 


Input 


External clock 


420 




ns 




Output 


Internal clock/1 6 
Internal clock/64 


556 
2.5 




ns 

|XS 


Serial clock high-level width 


twSKH 


Input 


External clock 


420 




ns 




Output 


Internal clock/ 16 
Internal clock/64 


556 
2.5 




ns 

\XS 


SI, SBO setup time to SCKt 


tSSSK 






150 




ns 


SI, SBO hold time from SCKi 


^HSSK 






400 




ns 


SO/SBO output delay time from SCK i 


toSBSKI 


CMOS push-pull output 
(3-line serial I/O mode) 





300 


ns 




tDSBSK2 


Open-drain output 
(SBI mode), Rl = 1 ka 





800 


ns 


SBO high, hold time from SCK t 


tHSBSK 




SBI mode 


4 




tCYX 


SBO low, setup time to SCK i 


*SSBSK 




SBI mode 


4 




tCYX 


SBO low-level width 


twSBL 






4 




tCYX 


SBO high-level width 


twSBH 






4 




tCYX 


RxD setup time to SCK t 


tSRXSK 






80 




ns 


RxD hold time after SCKt 


tHSKRX 






80 




ns 


SCK i to TxD delay time 


bSKTX 








210 


ns 



Figure 15. Clock-Synchronized Seriai Interface Timing; Three-Line I/O Mode 
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X 


> 


Output Data 
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X 
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Figure 76. Clock-Synchronized Serial Interface Timing; SBI Mode 



Bus Release Signal Transfer Timing 

i 

^HSBSK %SBL ^WSBH ^SSBSK 



}^^ ^^ V 



SBO 



\jr\ ^ 



X 



x: 



Command Signal Transfer Timing 



J 



^HSBSK 



\ 



^SSBSK 



%SKL 



%SKH 



-* ^CYSK ►-«— »i#*. ,*_t|_|ssK— »■ 

^DSBSK 2 JSSSK 

X V^ V Input/Output Data ^ 



F/gure 17. Asynchronous Mode Timing 



SCK 



TxD 
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X 



-« tDSKTX ^ 
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X 
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-tHSKRX - 



6-85 



(jiPD7822x 



MFC 



Comparator Port Operation 



Item 


Symbol Conditions 


MIn 


Max 


Unit 


Comparison accuracy 


Vacomp 

fjLPD78P224 




100 
100 


mV 
mV 


Comparison time 


tcOMP 


128 


256 


tCYX 


Sampling time 


tSAMP 


62 




tCYX 


PT input voltage 


V|PT 





Vdd 


V 


Interrupt Timing Operation 


Item 


Symbol Conditions 


MIn 


Max 


Unit 


NMI low-level width 


tWNIL 


10 




flS 


NMI high-level width 


twNIH 


10 




IXS 


INTP0-INTP6 low-level width 


tWITL 


24 




tCYX 


INTPO- INTP6 high-level width 


tWITH 


24 




tCYX 


RESET low-level width 


%RSL 


10 




JAS 


RESET high-level width 


tWRSH 


10 




l^s 



Figure 18. Interrupt Input Timing 




INTPO- 
INTP6 



-*WITH- 



/^ ^ y 



-twiTL- 



FigurelQ. Reset Input Timing 




Data Retention Cliaraoteristics 



item 


Symbol 


Conditions 


MIn 


lyp 


Max 


Unit 


Data retention voltage 


Vdddr 


STOP mode 


2.5 




5.5 


V 


Data retention current 


'dddr 


Vdddr = 2.5 V 




2 


20 


^iA 




Vdddr = 5V±io% 




5 


50 


jjiA 


Vdd rise time 


fRVD 




200 






M-S 


Vdd fall time 


fpVD 




200 






|XS 


Vdd retention time 
(for STOP mode setting) 


fHVD 











ms 


STOP release signal input time 


fOREL 











ms 


Oscillation stabilization wait time 


fWAIT 


Crystal resonator 


30 






ms 




Ceramic resonator 


5 






ms 


Low-level input voltage 


V,L 


Note1 







0.1 Vdddr 


V 


High-level input voltage 


V|H 


Notel 


0-9 Vdddr 




Vdddr 


V 



Notes: 



(1) RESET, P2o/NMI, P2i/INTP0. 
INTP3, PVINTP4, P26/INTP5, 
SBO, and EA pins. 



P22/INTP1, P23/INTP2/CI, P24/ 
P27/INTP6/SI, PSa/SCK, PSg/SO/ 



6-86 



HEC 



^PD7822x 



Figure 20. Data Retention Characteristics 



Set STOP Mode 



vdd 



^HVD 



vdddr 



-*- tpVD tRVD -> 



^DREL 

-« >■ 



V 



Vdddr 



NMI 

(Release by falling 

edge input) 



NMI 

(Release by rising 

edge input) 



Vdddr 



0.8 Vdd 



0.8 Vdd 



0.8 Vdd 



"tWAIT- 



0.8 V 



B 
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Timing Dependent on tcYx 


Item 


Symbol 


Carculatlon Formula 


Min/Max 


12 MHz 


Unit 


X1 input clock cycle time 


tCYX 




Min 


82 


ns 


Address setup time to ASTB i 


tSAST 


tcYX-30 


Min 


52 


ns 


Address to RD i delay time 


bAR 


2tcYX-35 


Min, 


129 


ns 


AddressfloattimefromRD i 


tpAR 


tcYx/2-30 


Min 


11 


ns 


Address to data input time 


tpAID 


(4+2n)tcYX-100 


Max 


228 


ns 


ASTB i to data input time 


bSTID 


(3+2n)tcYX-65 


Max 


181 


ns 


RDi to data input time 


tORID 


(2+2n)tcYX-65 


Max 


99 


ns 


ASTB i toRD i delay time 


bSTR 


tcYX-30 


Min 


52 


ns 


RD t to address active time 


tORA 


2tcYX-40 


Min 


124 


ns 


RDttoASTBt delay time 


tpRST 


2tcYX-40 


Min 


124 


ns 


RD low-level width 


tWRL 


(2+2n)tcYX-40 


Min 


124 


ns 


ASTB high-level width 


^WSTH 


tcYX-30 


Min 


52 


ns 


Address to WR i delay time 


tOAW 


2tcYX-35 


Min 


129 


ns 


ASTB i to data output time 


bSTOD 


tcYX + 60 


Max 


142 


ns 


ASTB itoWRi delay time 


bSTWI 


tcYX-30 


Min 


52 


ns 




tDSTW2 


2tcYX-35 
(refresh mode) 


Min 


129 


ns 


Data setup time to WR t 


*SODWR 


(3+2n)tcYX-100 


Min 


146 


ns 


Data setup time to WR i 


tSODWF 


tcYx-60 
(refresh mode) 


Min 


22 


ns 


WRttoASTBt delay time 


toWST 


tcYX-40 


Min 


42 


ns 


WR low-level width 


tWWL1 


(3+2n)tcYX-50 


Min 


196 


ns 




twWL2 


(2+2n)tcYX-50 
(refresh mode) 


Min 


114 


ns 


Address to WAIT I input time 


tpAWT 


3tcYX-100 


Max 


146 


ns 


ASTB i to WAIT i input time 


toSTWT 


2tcYX-80 


Max 


84 


ns 



Notes: 

(1 ) n indicates the number of wait states. 
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Figure 21. Recommended Oscillator Circuit 
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III — n czi 
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Crystal frequency fxx = 4 to 12 MHz 



External Clock Operation 



Item 


Symbol Conditions 


Min 


Max 


Unit 


X1 input low-level width 


twXL 


30 


130 


ns 


X1 input high-level width 


twXH 


30 


130 


ns 


XHnput rise time 


tXR 





30 


ns 


Xlinputfalltime 


tXF 





30 


ns 


X1 input clock cycle time 


tCYX 


82 


250 


ns 



Figure 23. External Clock Timing 



Figure 22. Recommended External Clock Circuit 
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fjiPD78P224 PROGRAMMING 

In the 78P224, the mask ROM of 78224 is replaced by a 
one-time programmable ROM (OTP ROM. The ROM is 
16,384 X 8 bits and can be programmed using a general- 
purpose PROM writer with a |xPD27C256A programming 
mode. 

The PA-78P224GJ/L are the socket adaptors used for 
configuring the |xPD78P224 to fit a standard PROM socket. 

Refer to tables 3 through 6 and figures 24 and 25 for spe- 
cial information applicable to PROM programming. 



Tables. Pin Functions During PROM Programming 



Pin 




Function 


PO0-PO7 


A0-A7 


Input pins for PROM write/verify 
operations 


P5o/A8 


As 


Input pin for PROIVI write/verify operation 


P2i/INTP0 


A9 


Input pin for PROM write/verify operation 


P52-P56/Aio-Ai4 


A10-A14 


Input pins for PROM write/verify 
operations 


P40-P47/AD0-AD7 D0-D7 


Data pins for PROM write/verify 
operations 


P65/WR 


CE 


Strobe data into the PROM 


P64/RD 


OE 


Enable a data read from the PROM 


P2o/NMI 


NMI 


PROM programming mode is entered by 
applying a high voltage to this pin 


RESET 


RESET 


PROM programming mode requires 
applying a low voltage to this pin 


EA 


Vpp 


High voltage applied to this pin for 
program write/verify 


Vdd 


Vdd 


Positive power supply pin 


Vss 


Vss 


Ground 



Tabie 4. Summary of Operation Modes for PROM Programming 



Mode 


NIMI 


RESET 


CE 


OE 


Vpp 


Vdd 


D0-D7 


Program write 


+ 12.5 V 




L 


H 


+ 12.5V 


+6V 


Data input 


Program verify 


+ 12.5 V 




H 


L 


+ 12.5V 


+6V 


Data output 


Program inhibit 


+ 12.5V 




H 


H 


+ 12.5V 


+6V 


HighZ 


Read out 


+ 12.5V 




L 


L 


+5V 


+5V 


Data output 


Output disable 


+ 12.5V 




L 


H 


+5V 


+5V 


HighZ 


Standby 


+ 12.5V 




H 


L/H 


+5V 


+5V 


HighZ 



Notes: 

When + 12.5 V is applied to Vpp and +6 V to Vdd, both CE and OE cannot 
be set to low level (L) simultaneously. 
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Table 5. DC Programming Characteristics 

Ta = 25 ±5°C, V|p = 12.5 ± 0.5 V applied to NMI pin, Vgs = V. 


Parameter 


Symbol 


Symbol* 


Condition 


i\Ain 


Typ 


Max 


Unit 


High-level input voltage 


V|H 


V|H 




2.4 




Vddp +0-3 


V 


Low-level input voltage 


V|L 


V|L 




-0.3 




0.8 


V 


Input leakage current 


Vlip 


Vli 


V| = OtoVDDP 






10 


jxA 


High-level output voltage 


V0HI 


VOH 


Ioh=-400m-A 


2.4 






V 




V0H2 


V0H2 


Ioh = -ioofxA 


Vdd-0.7 






V 


Low-level output voltage 


Vol 


Vol 


l0H = 2.1mA 






0.45 


V 


Output leakage current 


"lo 




Vo = 0toVDPp;OE = V,H 






10 


i,A 


NMI pin high-voltage input current 


hp 










±10 


^A 


Vddp power voltage 


Vddp 


Vcc 


Program memory write mode 


5.75 


6.0 


6.25 


V 




Program memory read mode 


4.5 


5.0 


5.5 


V 


Vpp power voltage 


Vpp 


Vpp 


Program memory write mode 


12.2 


12.5 


12.8 


V 




Program memory read mode 




Vpp = 


Vddp 


V 


Vqpp power current 


'dd 


Ice 


Program memory write mode 




5 


30 


mA 




Program memory read mode 
CE = V|L,V, = V,H 




5 


30 


mA 


Vpp power current 


ipp 


Ipp 


Program memory write mode 
CE = V,L,OE = V,H 




5 


30 


mA 




Program memory read mode 




1 


100 


V.A 



Corresponding symbols of the jjlPD27C256A. 



Table 6. AC Programming Characteristics 

Ta = 25 ±5°C, V|p = 12.5 ± 0.5 V applied to NMI pin, Vgs 


= OV,Vdd = 


= 6 ±0.25 V, Vpp =12.5: 


t0.3V. 








Parameter 


Symbol 


Symbol* 


Condition 


iVIin 


Typ 


Max 


Unit 


Address setup time to CE i 


tSAC 


tAS 




2 






JXS 


Data to OE i delay time 


bDOO 


tOES 




2 






M-S 


Input data setup time to CE i 


tslDC 


tDS 




2 






JXS 


Address hold time from CE t 


tHCA 


tAH 




2 






JIS 


Input data hold time from CE t 


tHCID 


tDH 




2 






JJlS 


Output data hold time from OE t 


tHOOD 


tpF 









130 


ns 


Vpp setup time to CE i 


tsvpc 


tvps 




1 






ms 


Vddp setup time to CEi 


tSVDC 


Vds 




1 






ms 


Initial program pulse width 


tWLI 


tpw 




0.95 


1.0 


1.05 


ms 


Additional program pulse width 


tWL2 


topw 




2.85 




78.75 


ms 


NMI high-voltage input setup time 
to CEi 


tSPC 






2 






lis 


Address to data output time 


tDAOD 


Ucc 


CE = OE = V,L 






200 


ns 


CEi to data output time 


tDCOD 


tCE 


OE = V|L 






200 


ns 


OEi to data output time 


tDOOD 


tOE 


CE = V,L 






75 


ns 


Data hold time from OE t 


tHCOD 


tDF 


CE = V,L 







60 


ns 


Data hold time from address 


tHAOD 


tOH 


CE = OE = V|L 









ns 



Corresponding symbols of the |xPD27C256A. 
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Figure 24. PROM Write Mode Timing 



zx 



D0-D7 



NMi 



Vpp 



Vpp 



Vddp 

Vddp + 1 
Vddp 

Vddp 

_ V|H 
CE 

V|L 



V|H 



OE 



V|L 



V|P ^ 

V|L / 



/ 



/ 



Effective Address 



tsAC 



Data 
Input 



M 



tsPC 



tSVPC 



^SVDC 



\-J 



^HCID 



Data 
Output 



DDOO 



^DOOD 



\ / 



-<- ^HOOD 



r"-^ 



%IDC -^ 



Data 
Input 



VJ 



_twL2- 



K 



*HCA 



> 



^HCID 



Notes: 

(1 ) Vqqp must be applied before applying V pp. It should be removed after removing V pp 

(2) Vpp must not exceed +1 3 V, including overshoot. 



Figure 25. PROM Read Mode Timing 



A0-A14 






1 


> 


Effective Address \ 


/ 
V 






CE 


\ 




C „ ■ 




tDCOD ^ 


J 

i 


OE 
D0-D7 « 




-• to 




L 


83ML.S997B 


"^^DOOD-^ 

AOD ►« 


^HAOD -*• 




^HCOD 

Hi-Z 

1— — — — — — — — — 

• 


Hi-Z 

H 


Data Output 


;h 
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PROM Write Procedure 



(1) Connect the RESET pin to a low level and apply 
+ 12.5VtotheNMIpln. 

(2) Apply +6 V to the Vqd pin and +12.5 V to the Vpp pin. 

(3) Provide the initial address. 

(4) Provide write data. 

(5) Provide 1 -ms program pulse (active low) to the CE pin. 

(6) This bit is now verified with a pulse (active low) to the 
OE pin. If the data has been written, proceed to step 8; 
if not, repeat steps 4 to 6. If the data cannot be cor- 
rectly written after 25 attempts, go to step 7. 

(7) Classify as defective and stop write operation. 

(8) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
repeats performed between steps 4 to 6. 

(9) Increment the address. 

(1 0) Repeat steps 4 to 9 until the end address. 

PROM Read Procedure 



(1 ) Fix the RESET pin to a low level and apply + 12.5 V to 
the NMI pin. 

(2) Apply +5 V to the Vdd and Vpp pins. 

(3) Input the address of the data to be read to pins Aq- Au- 

(4) Read mode jsentered with a pu Ise (active low) on both 
the CE and OE pins. 

(5) Data is output to the Dq to Dy pins. 

INSTRUCTION SET 

All microcomputers in the |jlPD7822x family have a 1-byte 
instruction lookahead buffer. This allows the first byte of 
the next opcode in program memory to be fetched while the 
current opcode is being executed. This pipeline architec- 
ture allows instruction fetch and excute cycles to overlap. 
An instruction can be fetched from program memory while 
data is being read from or written to RAM or an I/O port. 

The advantage of the pipeline is that one instruction can be 
executed while another is being fetched, virtually halving 
the time required for these two operations and thereby 
reducing overall program execution time. 

Operands and Operations 

Refer to tables 7 and 8 for the meanings of symbols in the 
operand and operations columns of the Instruction Set 
table. 



Specify operands in accordance with the rules of operand 
representation; for details, refer to the assembler specifi- 
cations. If two or more description methods are available, 
select one. The symbols +, -, #, !, $, /, [ ], and & are 
keywords and must be used in conjunction with each 
instruction. 

When describing Immediate data as a label, use one of the 
following modifiers: +,-#,!,$,/,[], and &. Symbols r and 
rp can be described in both the function name and absolute 
name. 

Table 7. Operands 



Symbol Meaning 


+ 


Autoincrement 


Autodecrement 


# 


Immediate data 


! Absolute address 


$ 


Relative address 


/ 


Bit inversion 


[ ] Indirect addressing 


& 


Subbank; 1 M-byte expansion space 


r 


Register 

Function name: X, A, C, B, E, D, L, H 

Absolute name: RO to R7 


r1 


Registergroup1:C,B 


rp 


Register pair 

Function name: AX, BC, DE, HL 

Absolute name: RPO to RP3 



sfr Special function register: 

PO, P2-P7, POH, POL, RTPC, CR10, CR1 1 , CR20, CR21 , CR22, 
CR30, PMO. PM3, PM5, PM6, PMC3, PUO, CRC0-CRC2, TOC, 
TM1-TM3, TMCO, TMC1, PRMO, PRM1, ADM, ADCR, CSIM, 
SBIC, SIO, ASIM, ASIS, RxB, TxS, BRGC, STBC (dedicated in- 
struction only), MM, PW, RFM, IFOL, IFOH, MKOL, MKOH, PROL, 
PROH, ISMOL, ISMOH, INTMO, INTM1, 1ST 
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Table 7. Operands (cont) 



Symbol 



Meaning 



sfrp 



Special function register pair: 
CR00-CR02, TIVIO, IFO, IVIKO, PRO, ISMO 



mem Memory address indirectly addressed 

Register indirect mode: [DE], [HL], [DE+], [HL+], [DE-], [HL-] 
Base mode: [DE + byte], [HL + byte], [SP + byte] 
Indexed mode: word[A], word[B], word[DE], word[HL] 

memi Memory addressed by means of indirect addressing 

group 1:[DE],[HL] 

saddr Memory address indirectly addressed: 
FE20H-FF1 FH immediate data or label 

saddrp Memory address addressed by means of direct addressing pair: 
FE20H-FF1EH immediate data (LSB=0; odd address) or label 

addr16 16-bit address: OOOOH-FEFFH immediate data or label 

addr11 11 -bit address :800H-FFFH immediate data or label 

addrS 5-bit address: 40H-7EH immediate data or label 

word 16-bit data: 16-bit Immediate data or label 

byte 8-bit data: 8-bit immediate data or label 



bit 



3-bit data: 3-bit immediate data or label 



Number of shift bits: 3-bit immediate data (0-7) 



RBn Register bank: RB0-RB3 



Tables. . 


Registers and Flags 


Symbol 


Meaning 


A 


A register; 8-bit accumulator 


X 


X register 


B 


B register 


C 


C register 


D 


D register 


E 


E register 


H 


H register 


L 


L register 


R0-R7 


Registers to 7 (absolute names) 


AX 


Register pair (AX); 16-bit accumulator 


BC 


Register pair (BC) 


DE 


Register pair (DE) 


HL 


Register pair (HL) 


RP0-RP3 


Register pairs to 3 (absolute names) 


PC 


Program counter 


SP 


Stack pointer 


PSW 


Program status word 


CY 


Carry flag 


AC 


Auxiliary flag 


Z 


Zero flag 


RBS1-RBS0 


Register bank select flags 


IE 


Interrupt enable flag 


STBC 


Standby control register 


( ) Memory contents indicated by address or register contents 
in( ) 


xxH 


Hexadecimal number 


Xh.xl 


Higher 8 bits and lower 8 bits of 16-bit register pair 
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Clocks 

The clock field specifies the number of clocks required 
under the conditions defined by the four column headings 
as follows: 



IROM 
IRAM 

SFR 



Program in internal ROM is executed. 

Program in external ROM is executed and internal 
RAM is accessed. 



Program In external ROM is executed and special 
function register Is accessed. 

EM EM Program in external ROM is executed and external 
memory is accessed. 

In a shift- rotate instruction, n in the clock field indicates the 
number of bits by which data is shifted. 

The hyphen (-) indicates a range of values; for example 
10-13 means 10, 1 1 , 12, or 13. 

The virgule symbol (/) means either/or; for example, a/b 
means either a or b. 

The number of clocks when execution is branched by a 
conditional branch instruction is shown after the symbol (/). 

The number of clocks for instruction having the saddr or 
saddrp operand and when an SFR is accessed with FFOOH 
to FFFFH described as saddr or saddrp is shown after the 
symbol (/). 

Bytes and Clocks 

The number of bytes and clocks for instructions with a mem 
or &mem operand depends on the particular instruction 
and the memory addressing mode (register indirect, base, 
or indexed). Table 9 is applicable when the program in 
internal ROM Is executed (ROM clock column of the In- 
struction Set table). Table 10 is applicable when the pro- 
gram in external ROM is executed (IRAM, SFR, and 
EMEM clock columns). 

Flags 

The symbols in the flag field have the following meanings. 

Blank No change 

Cleared to 

1 Set to 1 

X Set or cleared depending on the result 

R Value previously saved is restored 



Operation Codes 

Table 11 defines the symbols used in the operation code 
field. 

Registers and Register Pairs. The r, rl, and rp operands 
are specified In the opcode by one or more bits as shown in 
figure 26. For example, 001 as bits R2R1 Ro (or R6R5R4) 
specifies register A. 

In the first and second operands are registers or register 
pairs; the higher 4 bits of the register specification byte 
define the first operand and the lower 4 bits define the sec- 
ond operand. For example, in the MOV A,L instruction 
(transfer L register contents to register A), the second byte 
of the opcode is obtained from figure 26 as shown below. 

Instruction Opcode, Bytes 1 and 2 



MOVr,r 



MOVA,L 



10 10 
R6R5R4 R2R1R0 



10 10 
1 110 



iVIemory Addressing Modes. The 3-bit mem code and the 
5 -bit mod code are selected from figure 27 according to the 
description of mem in the operand field (table 7). 

A MOV instruction with register indirect mode specified for 
mem is a special 1-byte instruction. When base mode or 
indexed mode is specified for mem, the 8 -bit or 16-bit 
offset data corresponding to byte and word, respectively, is 
added from the third byte onward. 

The opcode for an &mem or &mem1 operand is modified 
by inserting a 01 H code as the first byte preceding the first- 
byte code listed in the Instruction Set table. Subsequent 
bytes are as shown in the table. 

Figure 26. Opcodes for Registers (r, rl, rp) 



r1 



rp 



R2 Ri 


Ro 






Re R5 


R4 










RO 


X 





1 


R1 


A 


1 





R2 


c 


1 


1 


R3 


B 


1 .0 





R4 


E 


1 


1 


R5 


D 


1 1 





R6 


L 


1 1 


1 


R7 


H 



Ro 


reg 




1 



B 



P1 Po 






P2 Pi 


reg-pair 


Pe P5 





RPO 


AX 


1 


RP1 


BO 


1 


RP2 


DE 


1 1 


RP3 


HL 
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Figure 27. Opcodes for Memory Addressing abodes 
(mem, mod) 











53ML-5999A 


n" and "&mem" Operands; Internal ROM (IROM) 




N. Mod 
Mem N^ 


1 0110 


0110 


1010 




Register 
Indirect Mode 


Base Mode 


Index Mode 





1 
10 

1 1 
10 

1 1 


[DE-H] 

[HL+] 

[DE-] 

[HL-] 

IDE] 

[HL] 


[DE+byte] 
[SP+byte] 
[HL+byte] 


word [DE] 
word [A] 
word [HL] 
word [B] 












Tabiei 


?. Bytes and Cioclis 


forinstru 


ctions Wit 


h "mer 






Instruction 






Register Indirect 
Mode 


Base Mode 


Indexed 
Mode 




[DE+] 
[HL + ] 
[DE-] 
[HL-] 


[DE] 
[HL] 


[DE + byte] 
[HL+byte] 


[SP+byte] 


word[A] 
word[B] 
word[DE] 
word[HL] 


Bytes 


- 


mem 




1/2* 


1/2* 


3 


3 


4 




&mem 




2/3* 


2/3* 


4 


4 


5 


Clock 


MOV 


A, mem 




6/8 


6/8 


8-11 


9-12 


8-11 


Cycles 


mem, A 








A, &mem 




8/10 


8/10 


10-13 


11-14 


10-13 




&mem, A 








XCH 


A, mem 




11-15 


9-13 


10-15 


11-16 


10-15 




A, &mem 




13-17 


11-15 


12-17 


13-18 


12-17 




ADD.ADDC, 


A, mem 




10/12 


8/12 


9/12 


10-13 


9-12 




SUB 
ANC 
XOF 


,SUBC, 
>,0R, 
I, CMP 


A, &mem 




12/14 


10/14 


11/14 


12-15 


11-14 



When internal RAM is accessed with an instruction having a mem 
operand, the number of bytes is the number before the symbol (/). 



When the external memory (including the SFR area) is accessed, the 
number of bytes is the number after the symbol (/). 
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Table 10. Bytes and Clocks for Instructions With "mem " and "&mem " Operands; External ROM 
(IRAM, SFR, EMEM) 



Register Indirect 



Base Mode 



[DE+] 
[HL + ] 



Ciocl( 
Cycles 



MOV 



A, mem 



9/11 



6/8 



11/13 



12/14 



mem, A 



A, &mem 



12/14 



9/11 



14/16 



15/17 



ADD.ADDC, 
SUB.SUBC, 
AND, OR, 
XOR.CMP 



A, mem 



13/15 



11/13 



12/14 



13/15 



A, &mem 



16/18 



14/16 



15/17 



16/18 



Indexed 



word[A] 
word[B] 





instruction 




[DE-] 
[HL-] 


[DE] 
[HLl 


[DE+byte] 
[HL+bytel 


[SP+byte] 


word[DE] 
word[HL] 


Bytes 




mem 


2* 


2* 


3 


3 


4 




&mem 


3* 


3* 


4 


4 


5 



14/16 



17/19 





&mem, A 












XCH 


A, mem 


14/18 


12/16 


13/17 


14/18 


16/20 




A, &mem 


17/21 


15/19 


16/20 


17/21 


19/23 



15/17 



18/20 



* When [DEI, [HLL [0E+], [HL+], [DE-], or [HL-J Is specified as \he mem 
operand of a MOV instruction, the instruction is used as a dedicated 
1-byte type. When the operand is &mem, the instruction is 2-byte. 



Table 11. Opcode Symbols 



Symbol 


Meaning 


Bn 


nth bit of immediate data B 


Nn 


nth bit of immediate data N 


Data 


8- bit immediate data corresponding to byte 


Low/High Byte 


16-bit immediate data corresponding to word 


Saddr-offset 


Lower 8-bit offset data of 16-bit address corresponding 
tosaddr 


Sfr-offset 


Lower 8-bit offset data of 16-blt address of special 
function register (sf r) 


Low/High Offset 


16-blt offset data corresponding to word In Indexed 
addressing 


Low/High Addr 


16-bit immediate data corresponding to addr16 


jdisp Signed 2's complement data (8 bits) indicating relative 
address distance between first address of next 
instruction and branch destination address 


fa 


. Lower 1 1 bits of immediate data corresponding to addrl 1 


ta 


Lower 5 bits of Immediate data corresponding to 
(addr5xdis) 
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Instruction Set 




Operation 


Bytes 




Clocks 




Flags 
ZACCY 


Cpsfi 

e 


stlcr. Code (Sits 7-C} 


Mnemonic Operand 


IROM 


IRAM* 


SFR 


EMEM 


lytesBlthruBS 


8'BltDat9 Transfer 


MOV r,#byte 


r 4- byte 


2 


2 


6 








1 





11 1 R2 Ri Ro 
Data 


saddr,#byte 


(saddr) 4- byte 


3 


3/5 


9 


9 


12 










11 10 10 
Saddr-offset 






Data 


sfr,#byte 


sfr ♦- byte 


3 


5 




9 


12 










10 10 11 
Sfr-offset 








Data 


r.r 


r 4-r 


2 


2 


6 












10 10 
R6R5R4 R2R1R0 


A,r 


A*T 


1 


2 


3 








1 


1 


1 R2 Ri Ro 


A.saddr 


A 4- (saddr) 


2 


2/4 


6 


6 


9 










10 
Saddr-offset 


saddr.A 


(saddr) ♦-A 


2 


3/5 


6 


8 












10 10 
Saddr-offset 


saddr.saddr 


(saddr) ^ (saddr) 


3 


3-7 


9 














11 10 
Saddr-offset 






Saddr-offset 


A,sfr 


A 4- sfr 


2 


4 




6 












1 
Sfr-offset 


sfr.A 


sfr^A 


2 


5 




6 












1 10 
Sfr-offset 



A,mem 



A 4- (mem) 



1-4 6-12 6-14 8-16 8-16 



10 1 1 mem 







mod 



mem 



Low Offset 



High Offset 



A.&mem 



A 4- (&mem) 



2-5 8-14 9-17 11-19 11-19 



* 1 
10 1 1 mem 



1 







mod 



mem 



Low Offset 



High Offset 



Note: 

* !f [DE], [HL], [DE+], [DE-1, [HL+] or [HL-] Is described as mem, these 
instructions are used as dedicated 1 -byte codes. If the register name is 
described as &mem, the instructions are used as dedicated 2-byte 
codes. 
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Instruction Set (cont) 




Clocks Flags 


Operation Code (Bits 7-0) 


Mnonnonic Opcrsnu Opsrstion 


Bytes IROM IRAM SFR EMEM Z AC CY 


Bytes B1 thru B5 


8-Blt Dttta Transfer (cont) 



MOV mem.A 



&mem,A 



(mem) ^ A 



(&mem) 4- A 



1-4 6-12 6-14 8-16 8-16 



2-5 8-14 9-17 11-19 11-19 



10 1 mem 







mod 



1 mem 



Low Offset 



High Offset 



* 0000 0001 
10 1 mem 



1 







mod 



1 mem 



Low Offset 



High Offset 



A.!addri6 



A ♦■ (!addr16) 



6/8 14 



16 



10 1 
1111 



Low Addr 



High Addr 



A,&!addr16 



!addr16. A 



&!addr16,A 



A ♦- (&laddrl6) 



(!addr16) ^ A 



(&laddr16) ^ A 



8/10 



19 



6/8 14 



17 



8/10 



20 



1 
10 1 



1111 



Low Addr 



High Addr 



10 1 
1111 1 



Low Addr 



High Addr 



1 
10 1 



111^ 1 



Low Addr 



High Addr 



PSW.#byte 


PSW 4- byte 


3 


3 


9 


9 


9 


X X X 1 
1111 


10 11 
1110 
















Data 


PSW.A 


PSW4-A 


2 


2 


6 


6 


6 


X X X 1 
1111 


10 
1110 


A,PSW 


A 4- PSW 


2 


2 


6 


6 


6 


1 

1111 



1110 
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Instruction Set (cont) 




Clocks Flags 


Operation Co^ (Bits 7-0) 


Mnemonic Operand Operation 


Bytes IROM IRAM SFR EMEM Z AC CY 


Bytes B1 thru B5 


a-BltDatM Transfer (cont) 



XCH A.r 



A, mem 



A ♦— ► (mem) 



A,&mem 



A 4— ► (&mem) 



A.saddr A *-* (saddr) 



A,sfr 



A <— *sfr 



saddr, saddr (saddr) 4— f (saddr) 



A.r 


A4-^r 


1 


4 


4 


110 1 1 R2 Ri Ro 


r,r 


r^-f r 


2 


3 


6 


11 10 1 
Re R5 R4 R2 Ri Ro 



2-4 9-16 12-16 



16-20 



3-5 11-18 15-19 



19-23 



2 4/8 6 



3 6/10 



13 



3 6-14 



10 







mod 



mem 10 



Low Offset 



High Offset 



1 







mod 



mem 10 



Low Offset 



High Offset 



10 1 
Saddr-offset 



1 
10 1 



Sfr-offset 



11 10 1 
Saddr-offset 



Saddr-offset 



16'Blt Data Transfer 



MOVW rp,#word rp ♦■ word 



saddrp,#word (saddrp) 4- word 



sfrp,#word sfrp ♦- word 



3 3 



4 4/8 12 12 18 



4 8 



12 



110 P2 Pi 
Low Byte 
High Byte 



110 

Saddr-offset 

Low Byte 

High Byte 



10 11 

Saddr-offset 

Low Byte 



High Byte 



rp.rp 


rp -«- rp 


2 


4 


6 




10 10 
Re P5 1 P2 Pi 


AX.saddrp 


AX 4- (saddrp) 


2 


6/10 


8 


12 


1 110 
Saddr-offset 


saddrp.AX 


(saddrp) 4- AX 


2 


5/9 


8 


12 


1 10 10 
Saddr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Clocks 




Flags 
ZACCY 


Operation Cc 
Bytes 81 


>de (Bits 7-0) 


Mnemonic Operand 


IROM 


IRAM 


SFR 


EMEM 


1 thru B5 


f 6-B/f Data Transfer (cont) 


MOVW AX.sfrp 


AX ♦- sfrp 


2 


10 




12 












1 1 
Sfr-offset 


sfrp.AX 


sfrp ♦- AX 


2 


9 




12 












1 11 
Sfr-offset 


AX.memI 


AX^ (memi) 


2 


9-15 


12 


16 


16 






1 




1 




1 


10 1 
1 Ro 


AX,&mem1 


AX^ {&mem1) 


3 


11-17 


15 


19 


19 







1 





1 






1 


1 
10 1 
1 Ro 


mem 1, AX 


(mem1) <- AX 


2 


8-14 


11 


15 


15 






1 




1 




1 


10 1 
1 1 Ro 


&mem1,AX 


(&mem1)4- AX 


3 


10-16 


14 


18 


18 







1 





1 






1 


1 
10 1 
1 1 Ro 


8-Bit Operation 


ADD A,#byte 


A.CY ♦- A + byte 


2 


2 


6 






XXX 


1 





10 10 
Data 


saddr,#byte 


(saddr),CY ^ (saddr) + byte 


3 


3/7 


9 


11 




XXX 





1 


10 10 
Saddr-offset 








Data 



sfr,#byte 



sfr.CY 4- sfr + byte 



14 



r,r 


r.CY ^ r + r 


2 


3 


7 




XXX 


1 





10 



















Rg R5 R4 R2 Ri Ro 


A.saddr 


A.CY ♦- A + (saddr) 


2 


3/5 


6 


7 


8 XXX 


_1_ 


_CI_ 


1 10 
Saddr-offset 


A.sfr 


A,CY ^ A + sfr 


3 


7 




10 


XXX 


_0_ 


_0_ 
_0_ 


1 
1 10 
Sfr-offset 


saddr.saddr 


(saddr),CY ^ (saddr) + (saddr) 


3 


3-9 


9 


11 


XXX 


_0_ 


1 


11 10 
Saddr-offset 








Saddr-offset 



X X X 1 
110 10 



Sfr-offset 
Data 



6-101 



|xPD7822x 



NEC 



Instruction Set (cont) 




Cloclcs Flags 


Operation Cadm (Bits 7-0) 


Mnemonic Operand Operation 


Bytes iROlM IRAIM SFR EIMEIM ZACCY 


Bytes B1 tliru B5 


8-Blt Operation (cont) 



ADD A,mem 



A,CY 4- A + (mem) 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 



Low Offset 



High Offset 



A,&mem A.CY <- A + (&mem) 



3-5 10-15 14-18 16-20 16-20 xxxOOOO 0001 







mod 



mem 10 



Low Offset 



High Offset 



ADDC A,#byte A,CY <- A + byte + CY 



x X X 1 1 10 1 
Data 



saddr,#byte (saddr),CY ♦- (saddr) + byte 

+ CY 



3/7 9 11 



X X X 1 1 10 1 
Saddr-offset 



Data 



sf r, #byte sf r.CY ♦- sf r + byte + CY 



A.sfr 



A.mem 



XXX 0000 0001 
110 10 1 



Sfr-offset 



Data 



r.r 


r.CY ♦- r + r + CY 


2 


3 


7 






X X X 1 1 10 1 




Re R5 R4 R2 Ri Ro 


A.saddr 


A,CY ^ A + (saddr) + CY 


2 


2/5 


6 


7 


8 


X X X 1 1 10 1 




Saddr-offset 



A.CY ^ A + sfr + CY 



10 



xxxOOOO 0001 



10 1 10 1 
Sfr-offset 



saddr.saddr (saddr),CY ^ (saddr) + (saddr) 

+ CY 



3-9 9 11 



X X X 1 1 1 10 1 
Saddr-offset 



Saddr-offset 



A.CY ^ A + (mem) + CY 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 1 



Low Offset 



High Offset 



A,&mem A.CY 4- A + (&mem) + CY 



3-5 10-15 14-18 16-20 16-20 xxxOOOO 0001 







mod 



mem 10 



Low Offset 



High Offset 



6-102 



HEC 



)jlPD7822x 



Instruction Set (cont) 




Operation 


Bytes 




Clocks Fiags operation Cod. (Blt« 7-0) 


Mnemonic Operand 


IROM 


IRAM SFR EMEM Z AC CY Bytes 81 thru 85 


8-Blt Operation (cont) 


SUB A,#byte 


A.CY*. A-byte 


2 


2 


6 XXX10101010 

Data 


saddr,#byte 


(saddr),CY ♦- (saddr) - (byte) 


3 


3/7 


9 11 xxxOIIOIOlO 

Saddr-offset 




Data 



A, mem 



sfr.#byte sfr.CY ^ sfr-byte 



xxxOOOO 0001 
110 10 10 



Sfr-offset 



Data 



r,r 


r,CY*- r-r 




2 


3 


7 




XXX 


1 





10 10 





















Rg R5 R4 R2 Ri Ro 


A,saddr 


A,CY+. A-(saddr) 




2 


3/5 


6 


7 


8 XXX 


1 





1 10 10 
Saddr-offset 


A.sfr 


A,CY ♦- A-sfr 




3 


7 




10 


XXX 




1 






1 
1 10 10 
Sfr-offset 


saddr, saddr 


(saddr),CY *- (saddr) - 


- (saddr) 


3 


3-9 


9 


11 


XXX 





1 


11 10 10 
Saddr-offset 








Saddr-offset 



A,CY <- A-(&mem) 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 10 



Low Offset 



High Offset 



A,&mem A,CY <- A-(&mem) 



3-5 10-15 14-18 1&2D 16-20 xxxOOOO 0001 







mod 



mem 10 10 



Low Offset 



High Offset 



SUBC 


A,#byte 


A.CY ♦- A-byte-CY 


2 


2 


6 




X X X 1 1 10 11 




Data 




saddr, # byte 


(saddr),CY ♦- (saddr)- byte -CY 


3 


3/7 


9 


11 


XXX 0110 10 11 
Saddr-offset 




Data 



sfr,#byte sfr.CY ^ sfr-byte-CY 



4 9 



xxxOOOO 0001 
110 10 11 



Sfr-offset 
Data 



6-103 



piPD7822x 



HEC 



Instruction Set (cont) 




Operation 


Bytes 




Clocks Flags 


0| 




MnsMonic Opdrsnd 


IROM 


IRAM SFR EMEM Z AC CY 


Bytes B1 thru B5 


8'Blt Operation icont) 


SUBC r,r 


r.CY 4- r-r-CY 


2 


3 


7 XXX 


1 



10 11 
Re R5 R4 R2 Ri Ro 


A.saddr 


A,CY*-A-(saddr)-CY 


2 


3/5 


6 7 8 XXX 


1 


1 10 11 






Saddr-offset 


A.sfr 


A,CY ^ A~sfr-CY 


3 


7 


10 XXX 




1 


1 
1 10 11 
Sfr-offset 


saddr.saddr 


(saddr).CY ^ (saddr) - (saddr) 
-CY 


3 


3-9 


9 11 XXX 





111 1011 
Saddr-offset 






Saddr-offset 



A, mem 



A,CY4- A-(mem)-CY 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 11 



Low Offset 



High Offset 



A.&mem 



sfr,#byte 



A,CY+-A-(&mem)-CY 



3-5 10-15 14-18 1&20 16-20 xxxOOOO 0001 







mod 



mem 10 11 



Low Offset 



High Offset 



AND 


A,#byte 


A*-AAbyte 


2 


2 


6 




X 


10 10 110 
Data 




saddr, #byte 


(saddr) ♦-(saddr) A byte 


3 


3/7 


9 


11 


X 


110 110 
Saddr-offset 




Data 



sf r ^ sf r A byte 



4 9 



14 



1 
110 110 



Sfr-offset 



Data 



r,r 


r ^ rAr 


2 


3 


7 




X 


1 





110 



















Re R5 R4 R2 Ri Ro 


A.saddr 


A^AA(saddr) 


2 


3/5 


6 


7 


8 X 


1 





1 110 
Saddr-offset 


A.sfr 


A*. AA(sfr) 


3 


7 




10 


X 



1 






1 
1 110 
Sfr-offset 


saddr.saddr 


(saddr) ^(saddr)A (saddr) 


3 


3-9 


9 


11 


X 





1 


11 110 
Saddr-offset 








Saddr-offset 
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NEC 



tJLPD7822x 



Instruction Set (cont) 




Clocks Flags 


Opsratlon Cods (Bits 7-0) 




Bytes IROM IRAM SFR EMEM Z AC CY 


Bytes B1 thru B5 


8-Blt Operation (cont) 



AND A,mem 



A.&mem 



A.mem 



A 4- A A (mem) 



2-4 8-13 11-15 13-17 13-17 x 



A 4- AA(&mem) 



3-5 10-15 14-18 l&aO 16-20 x 



sf r, #byte sf r ^ sf r V byte 



4 9 



A ♦- AV(mem) 



2-4 8-13 11-15 13-17 13-17 x 



A.&mem A4-AV(&mem) 



3-5 10-15 14-18 1&-2D 16-20 x 







mod 



mem 110 



Low Offset 



High Offset 



1 







mod 



mem 110 



Low Offset 



High Offset 



OR 


A,#byte 


A^ AVbyte 


2 


2 


6 




X 


10 10 1110 
Data 




saddr,#byte 


(saddr)^(saddr)Vbyte 


3 


3/7 


9 


11 


X 


110 1110 
Saddr-offset 




Data 



1 
110 1110 



Sfr-offset 



Data 



r,r 


r^ rVr 


2 


3 


7 




X 


1 





1110 



















Re R5 R4 R2 Ri Ro 


A.saddr 


A^AV(saddr) 


2 


3/5 


6 


7 


8 X 


1 





1 1110 
Saddr-offset 


A,sfr 


A^ AVsfr 


3 


7 




10 


X 




1 






1 
1 1110 
Sfr-offset 


saddr.saddr 


(saddr)4-(saddr)V(saddr) 


3 


3-9 


9 


11 


X 





1 


11 1110 
Saddr-offset 








Saddr-offset 







mod 



mem 1110 



Low Offset 



High Offset 



1 







mod 



mem 1110 



Low Offset 
High Offset 



6-105 



|jlPD7822x 



SEC 



Instruction Set (cont) 




Operation 




Clocks Flags 


Operation Coda /Bits 7-0) 


Mnsmonic Op0r8nd 


Bytes IROM 


IRAM SFR EMEM Z AC CY 


Bytes B1 thru B5 


8' Bit Operation (cont) 


XOR A,#byte 


A 4- AV-byte 


2 2 


6 X 


10 10 110 1 
Data 


saddr,#byte 


(saddr) ♦- (saddr)¥byte 


3 3/5 


9 11 X 


110 110 1 
Saddr-offset 




Data 



sfr,#byte 



A, mem 



sfr ^ sfr¥-byte 



A ♦- A-V-(mem) 



2-4 8-13 11-15 13-17 13-17 x 



1 
110 110 1 



Sfr-offset 
Data 



r,r 


r^ r¥r 


2 


3 


7 




X 


1 



110 1 
Re Rs R4 R2 Ri Ro 


A,saddr 


A ^ A-V-(saddr) 


2 


3/5 


6 


7 


8 X 


1 





01 1101 








Saddr-offset 


A.sfr 


A ^ A-V-(sfr) 


3 


7 




10 


X 



1 






1 
1 110 1 








Sfr-offset 


saddr.saddr 


(saddr) ♦- (saddr)Y(saddr) 


3 


3-9 


9 


11 


X 





1 


11 110 1 
Saddr-offset 








Saddr-offset 







mod 



mem 110 1 



Low Offset 



High Offset 



A,&mem 



sfr,#byte 



A ♦- A-V-(&mem) 



3-5 10-15 14-18 16-20 16-20 x 



1 







mod 



mem 110 1 



Low Offset 



High Offset 



CMP 


A,#byte 


A-byte 


2 


2 


6 




X X X 10101111 
Data 




saddr. #byte 


(saddr) -byte 


3 


3/5 


9 


11 


X X X 1 1 1111 
Saddr-offset 




Data 



sfr -byte 



4 7 



14 



xxxOOOO 0001 
110 1111 



Sfr-offset 
Data 



6-106 



SEC 
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Instruction Set (cont) 




Operation 


Bytes 




Clocks Flags 


0| 


|)eration Code (Bits 7-0) 


Mntmonic Operand 


IROM 


IRAM SFR EMEM Z AC CY 


Bytes B1 thru B5 


8-Blt Operation (cont) 


CMP r.r 


r-r 


2 


3 


7 XXX 


1 


1111 







Rg R5 R4 R2 Ri Rq 


A.saddr 


A-(saddr) 


2 


3/5 


6 7 8 X X X 


1 


1 1111 






Saddr-offset 


A.sfr 


A-sfr 


3 


7 


10 XXX 




1 


1 
1 1111 
Sfr-offset 


saddr.saddr 


(saddr)-(saddr) 


3 


3-7 


9 11 XXX 





111 1111 
Saddr-offset 






Saddr-offset 



A.mem 



A -(mem) 



2-4 8-13 11-15 13-17 13-17 x x x mod 



mem 1111 



Low Offset 



High Offset 



A,&mem A-{&mem) 



3-5 10-15 14-18 16-20 16-20 x xxOOOO 0001 



mod 

mem 1111 



Low Offset 



High Offset 



16- Bit Operation 


ADDW AX,#word 


AX.CY ^ AX + word 


3 


4 


9 




X 


X 


X 








10 110 1 
Low Byte 








High Byte 


AX.rp 


AX.CY ^ AX + rp 


2 


6 


8 




X 


X 


X 


1 








10 
1 P2 Pi 


AX.saddrp 


AX.CY ^ AX + (saddrp) 


2 


7/11 


9 


13 


X 


X 


X 








1 110 1 
Saddr-offset 


AX.sfrp 


AX.CY ^ AX + sfrp 


3 


13 




16 


X 


X 


X 










1 
1 110 1 
Sfr-offset 


SUBW AX.#word 


AX,CY4-AX-word 


3 


4 


9 




X 


X 


X 








10 1110 
Low Byte 








High Byte 


AX.rp 


AX,CY^AX-rp 


2 


6 


8 




X 


X 


X 


1 







10 10 
1 P2 Pi Po 


AX.saddrp 


AX.CY^ AX -(saddrp) 


2 


7/11 


9 


13 


X 


X 


X 








1 1110 
Saddr-offset 
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NEC 



Instruction Set (cont) 




Operation 


Bytes 




Clocks 


Flagfl 


;y 


OpeFj 
e 


it'iOn Code (Bits 7-0) 


Mnsfnonic Opursno 


IROM 


IRAM SFR 


EMEM ZACC 


lytesBlthruBS 


1$'BnOp9ntlon(cont) 


SUBW AX.sfrp 


AX,CY4-AX-sfrp 


3 


13 


16 


X X 


X 










1 
1 1110 
Sfr-offset 


CMPW AX,#word 


AX-word 


3 


3 


9 


X X 


X 








10 1111 
Low Byte 








High Byte 


AX.rp 


AX~rp 


2 


5 


7 


X X 


X 


1 





1111 










1 Pa Pi 


AX,saddrp 


AX-(saddrp) 


2 


6/10 


8 12 


X X 


X 








1 1111 
Saddr-offset 


AX.sfrp 


AX-sfrp 


3 


12 


15 


X X 


X 










1 
1 1111 
Sfr-offset 


MuMpUcatlon/DMslon 


MULU r 


AX4-Axr 


2 


22 


24 














10 1 
1 Rg Ri Ro 


DIVUW r 


AX(quotient),r (remainder) ♦- 
AX-^r 


2 


71 


76 














10 1 
1 1 R2 Ri Ro 


Increment/ Decrement 


INC r 


r 4-r+ 1 


1 


2 


3 


X X 




1 


1 


R2R1 Ro 


saddr 


(saddr) ♦■ (saddr) + 1 


2 


2/6 


6 7 


XX 










10 110 
Saddr-offset 


DEC r 


r^r-1 


1 


2 


3 


X X 




1 


1 


1 Rg Ri Ro 


saddr 


(saddr) 4- (saddr) -1 


2 


2/6 


6 7 


X X 










10 111 
Saddr-offset 


INCW rp 


rp 4- rp + 1 


1 


3 


3 









1 


1 Pi Po 


DECW rp 


rp4-rp-1 


1 


3 


3 









1 


1 1 Pi Po 


SMW Rotate 


ROR r.n 


(CY,r7 4-ro.rm-i ^ r^) 
xn times, n=0-7 


2 


3+2n 


5+2n 




X 








1 


11 
N2 Ni No R2 Ri Ro 


ROL r.n 


(CY.ro^-ry.rm+i^rm) 
xn times. n=0-7 


2 


3+2n 


5+2n 




X 








1 


11 1 
N2N1 N0R2R1R0 
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Instruction Set (cont) 




Operand 


Operation 


Bytea 




Cloclcs 




Flags 
ZACCY 


0| 


e 


itionO 
lytea B 


ode (Bits 7-0) 


Mnemonic 


IROIM 


IRAIM 


SFR 


EIMEM 


1 thru B5 


Shin/ Rotate (cont) 


RORC 


r,n 


(CY*-ro.r7*-CY,rm-i ♦■ W 
xn times, n =0-7 


2 


3+2n 


5+2n 








X 










1 1 
N2N1 




N0R2R1R0 


ROLC 


r,n 


(CY^ry.ro^-CY.rm+i ^ rj 
xn times, n= 0-7 


2 


3+2n 


5+2n 








X 










1 1 
N2N1 


1 
No R2 Ri Ro 


SHR 


r,n 


(CY4-ro,r7 4-0,r^l ♦- rj 
xn times, n=0-7 


2 


3+2n 


5+2n 






X 


X 









1 1 
N2N1 




N0R2R1R0 


SHL 


r,n 


(CY4-r7,ro4-0,rm+i ^ r^) 
xn times, n=0-7 


2 


3+2n 


5+2n 






X 


X 








1 1 
N2N1 


1 

N0R2R1R0 


SHRW 


rp.n 


(CY ^ rpo, rpi5 ^ 0, rpm_i ^ 
rpm) xn times, n= 0-7 


2 


3+3n 


5+3n 






X 


X 






1 


1 1 
N2N1 




No R2 Ri Ro 


SHLW 


rp.n 


{CY*-rpi5,rpo*-0,rpm+i *- 
rpm) xn times, n= 0-7 


2 


3+3n 


51- 3n 






X 


X 






1 


1 1 
N2N1 


1 

No R2 Ri Ro 


R0R4 


mem1 


A3.0 ♦- (mem1)3.o, (mem1)7.4 
4- A3.0. (mem1)3.o ^ (mem1)7^ 


2 


24 


26 


34 


34 
















10 1 

1 1 Ri 




&mem1 


A3.0 ^ (&mem1)3^, (&mem1)7^ 
♦- A3.o.(&mem 1)3.0 ♦" 
(&mem1)7.4 


3 


26 


29 


37 


37 



















1 

10 1 

1 1 Rl 


R0L4 


memi 


A3.0 ^ (memi )7.4, (memi )3.o 
♦- A3.0, (mem1)7.4 4- (mem1)3^ 


2 


25 


27 


35 


35 














1 


10 1 

1 1 Ri 




&mem1 


A3.0 *- {&mem1)7.4, (&mem1)3.o 
♦- A3.o,(&mem1)7.4♦- 
(&mem1)3.o 


3 


27 


30 


38 


38 

















1 


1 

10 1 

1 1 Ri 
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Instruction Set (cont) 




Operation 


Bytes 




Clocks 


Flagi 


:y 


Of 


>eri 

B 


ition Code (Bits 7-0) 


Mnemonic Operand 


IROM 


IRAM SFR 


EIMEM ZACC 


ytes B1 thru B5 


BCD Adiustment 


ADJBA 


Decimal adjust accumulator after 
addition 


1 


3 


3 


X X 


X 








1110 


ADJBS 


Decimal adjust accumulator after 
addition 


-1 


3 


3 


X X 


X 








1111 


BItManipulBtlon 


M0V1 CY.saddr.bit 


CY4-(saddrbit) 


3 


5/7 


9 9 


11 


X 










1 
B2 Bi Bo 
Saddr-offset 


CY.sfr.bit 


CY ♦- sfr.bit 


3 


7 


9 




X 










10 
1 Bg Bi Bo 
Sfr-offset 


CY.A.bit 


CY ♦- A.bit 


2 


5 


7 




X 










11 
1 B2 Bi Bo 


CY.X.bit 


CY ^ X.bit 


2 


5 


7 




X 










11 
B2 Bi Bo 
Sfr-offset 


CY.PSW.bit 


CY^PSW.bit 


2 


5 


7 




X 










10 
B2 Bi Bo 


saddr.bit.CY 


(saddrbit)^CY 


3 


8/12 


12 14 


14 












10 
1 B2B1 Bo 
Saddr-offset 


sfr.bit.CY 


sfr.bit ♦- CY 


3 


12 


14 














10 
1 1 B2 Bi Bo 
Sfr-offset 


A.bit,CY 


A.bit 4- CY 


2 


8 


10 














11 
1 1 B2 Bi Bo 


X.bit.CY 


X.bit <- CY 


2 


8 


10 














11 
1 B2 Bi Bo 
Sfr-offset 


PSW.bit.CY 


PSW.bit ^ CY 


2 


7 


9 


X X 












10 
1 B2 Bi Bo 


AND1 CY.saddr.bit 


CY«-CYA(saddr.bit) 


3 


5/7 


9 11 




X 










10 
10 B2 Bi Bo 
Saddr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Clocks 


Flags 


Of 


>eri 

B 


itio 
lyti 


•nC( 

«B1 


>de (Bits 7-0) 


Mnsinonlc Oporsnci 


IROM 


IRAM SFR EMEM Z AC CY 


1 thru B5 


Bit Manipulation (cont) 


AND1 CY./saddr.bit 


CY*-CYA(saddr.bit) 


3 


5/7 


9 11 


X 












1 



1 


10 
B2 Bi Bo 




















Sfr-offset 


CY.sfr.bit 


CY4.CYAsfr.bit 


3 


7 


11 


X 












1 






10 
1 B2 Bi Bo 




















Sfr-offset 


CY./sfr.bit 


CY4-CYAsfr.bit 


3 


7 


11 


X 












1 




1 


10 
1 B2B1B0 


CY,A.bit 


CY4-CYAA.bit 


2 


5 


7 


X 












1 






11 

1 B2 Bi Bo 


CY./A.bit 


CY*-CYAA.bit 


2 


5 


7 


X 












1 




1 


11 

1 B2 Bi Bo 


CY.X.bit 


CY^CYAX.bit 


2 


5 


7 


X 












1 






11 
B2 Bi Bo 


CY,/X.bit 


CY^CYAX.bit 


2 


5 


7 


X 












1 




1 


11 
B2 Bi Bo 


CY.PSW.bit 


CY^-CYAPSW.bit 


2 


5 


7 


X 












1 






10 
B2 Bi Bo 


CY./PSW.bit 


CY4-CYAPSW.bit 


2 


5 


7 


X 












1 



1 


10 
B2 Bi Bo 


0R1 CY.saddr.bit 


CY^CYV(saddr.bit) 


3 


5/7 


9 11 


X 








1 










10 
B2 Bi Bo 


















Saddr-offset 


CY,/saddr.bit 


CY^CYV(saddr.bit) 


3 


5/7 


9 11 


X 








1 








1 


10 
B2 Bi Bo 




















Sfr-offset 


CY.sfr.bit 


CY*-CYVsfr.bit) 


3 


7 


11 


X 








1 








1 


10 
1 B2 Bi Bo 




















Sfr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Clocks 


Flags 


Operation C( 
BytesBI 


>de (Bits 7-0) 


Mnemonic Opsrsnd 


IROM 


IRAM SFR 


EMEM ZACCY 


1 thru B5 


Bit Manipulation (cont) 


OR1 CY/sfr.bit 


CY^CYV sfr.bit 


3 


7 


11 


X 















1 


10 
1 B2 Bi Bo 


CY,A.bit 


CY^CYVA.bit 


2 


5 


7 


X 






— 










11 

1 B2 Bi Bo 


CY,/A.bit 


CY^CYVATbTt 


2 


5 


7 


X 






-^ 








1 


11 

1 B2 Bi Bo 


CY.X.bIt 


CY*-CYVX.bit 


2 


5 


7 


X 






~ 










11 
B2 Bi Bo 


CY,/X.blt 


CY^CYVX.bit 


2 


5 


7 


X 






— 








1 


11 
B2 Bi Bo 


CY.PSW.bit 


CY4-CYVPSW.bit 


2 


5 


7 


X 






— 










10 
B2 Bi Bo 


CY./PSW.bit 


CY*-CYVPSW.bit 


2 


5 


7 


X 






— 








1 


10 
B2 Bi Bo 


X0R1 CY.saddr.bit 


CY ♦- CYV-(saddr.bit) 


3 


5/7 


9 11 


X 






— 




1 






10 
B2 Bi Bo 


















Saddr-offset 


CY.sfr.bit 


CY 4- CYV-sfr.bit 


3 


7 


11 


X 






— 



1 






10 
1 B2 Bi Bo 




















Sfr-offset 


CY,A.bit 


CY ♦- CYV-A.bit 


2 


5 


7 


X 











1 






11 

1 B2 Bi Bo 


CY.X.bit 


CY ^ CY-V-X.bit 


2 


5 


7 


X 











1 






11 
B2 Bi Bo 


CY.PSW.bit 


CY ♦- CY¥PSW.bit 


2 


5 


7 


X 











1 






10 
B2 Bi Bo 


SET1 saddr.bit 


(saddr.bit) ^ 1 


2 


3/7 


6 




1 





1 


1 


B2 Bi Bo 


















Saddr-offset 


Sfr.bit 


sfr.bit ^ 1 


3 


10 


14 






1 














10 
1 B2B1B0 




















Sfr-offset 



6-112 



NEC 



fjLPD7822x 



Instruction Set (cont) 




Operation 


Bytes 




Clocks 


Flags 


Y 


Of 


>eri 
B 


itio 
lyti 


nC< 

isBI 


>de (Bits 7-0) 




IROM 


IRAM 


SFR 


EMEM ZACC 


1 thru B5 


Bit Manipulation (cont) 


SET1 A.bit 


A.bit ^ 1 


2 


6 


8 























11 

1 B2 Bi Bo 


X.bit 


X.bit ^ 1 


2 


6 


8 























11 
B2 Bi Bo 


PSW.bit 


PSW.bit ♦- 1 


2 


5 




7 


X X 


X 
















10 
Bg Bi Bo 


CLR1 saddr.bit 


(saddr.bit) ^ 


2 


6/10 


6 













1 





B2 Bi Bo 






















Saddr-offset 


sfr.bit 


sfr.bit ♦- 


3 


10 




14 


















1 


10 
1 B2 Bi Bo 
























Sfr-offset 


A.bit 


A.bit ^ 


2 


6 


8 



















1 


11 

1 B2 Bi Bo 


X.bit 


X.bit ^ 


2 


6 


8 




















1 


11 
B2 Bi Bo 


PSW.bit 


PSW.bit ♦- 


2 


5 




7 


X X 


X 















1 


10 
B2 Bi Bo 


N0T1 saddr.bit 


(saddr.bit) ^ (saddr.bit) 


3 


6/10 


10 


14 












1 




1 




1 


1 
B2 Bi Bo 






















Saddr-offset 


sfr.bit 


sfr.bit ♦- sfr.bit 


3 


10 




14 












1 




1 




1 


1 
1 B2 Bi Bo 
























Sfr-offset 


A.bit 


A.bit 4- A.bit 


2 


6 


8 














1 




1 




1 


11 

1 B2 Bi Bo 


X.bit 


X.bit 4- X.bit 


2 


6 


8 














1 




1 




1 


11 
B2 Bi Bo 


PSW.bit 


PSW.bit ^ PSW.bit 


2 


5 




7 


X X 


X 








1 




1 



1 


1 
B2 Bi Bo 


SET1 CY 


CY^I 


1 


2 




3 




1 





1 








1 


CLR1 CY 


CY4-0 


1 


2 




3 










1 











N0T1 CY 


CY^CY 


1 


2 




3 




X 





1 








10 
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Instruction Set (cont) 




Operation 


Bytes 




Cioclcs 




Flags 
ZACCY 


Operation Code (Bits 7-0) 


Mnemonic Operand 


iROlM 


IRAiM SFR 


EMEM 


Bytes B1 ttiru B5 


Call/Return 


CALL !addr16 


(SP-1)*-(PC + 3)h, 
(SP-2)4-(PC + 3)l, 
PC*-!addr16.SP*-SP-2 


3 


10-15 


17 


21 




10 10 
LowAddr 




HighAddr 


rp 


(SP-1)^(PC + 2)h. 
(SP-2)^(PC + 2)l,PCh*- 
rpH,PCL^rpL,SP^SP-2 


2 


12-17 


15 


19 




10 1 
1 1 1 P2 Pi 


CALLF laddrll 


(SP-1)^(PC-k2)h,(SP-2)^ 
(PC + 2)l,PCi5+ii ^00001, 
PCio-o^'addr11,SP*-SP-2 


2 


10-15 


14 


18 




10 1 ^ 




fa -► 



CALLT [addrS] 



(SP-1)*-(PC+1)h,(SP-2)^ 
(PC + 1)l, PCh ♦- (00000000, 
addr5 + 1), PQ. ♦" (00000000, 
addr5),SP^SP-2 



1 14-20 20 



24 



111*- ta "♦ 



BRK 



(SP-1)+-PSW,(SP-2)*- 
(PC+1)h.(SP-3)*-(PC + 1)l, 
PCh ♦- (003FH), PCh ^ 
(003FH),SP*-SP-3,IE^0 



1 16-26 22 



28 



10 1 1110 



RET 




PCl^(SP),PCh^(SP + 1), 
SP^SP + 2 


1 10-15 


11 


15 




1 


1 


1 


1 





RETI 




PCl*-(SP),PCh*-(SP + 1), 
PSW+-(SP + 2),SP*-SP + 3, 
NMiS 4- 


1 12-20 


15 


21 


R R R 


1 


1 


1 


1 


1 


RETB 




PCl^(SP),PCh^(SP + 1), 
PSW*.(SP + 2),SP*-SP + 3 


1 12-20 


13 


19 


R R R 


1 


1 


1 1 


1 


1 


Stack Manipulation 


PUSH 


PSW 


(SP-1)<-PSW,SP4-SP-1 


1 4-8 


5 


7 




1 





1 





1 




Sfr 


(SP-1)*-sfr,SP4-SP-1 


2 7-9 


9 


12 







10 10 
Sfr-offset 





1 




rp 


(SP-1)^rpH(SP-2)4- 
rpL,SP*-SP-2 


1 8-13 


8 


12 







1 1 


1 1 


P1 


Po 
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Instruction Set (cont) 








Clucks Flags operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes IROM 


IRAM SFR EMEM Z AC CY Bytes B1 thru B5 


Stack Manipulation (cont) 


POP PSW 


PSW^(SP),SP*-SP+1 


1 4-8 


6 8 RRR0100 1000 


sfr 


sfr*.(SP).SP^SP+1 


2 9-11 


9 12 10 11 

Sfr-offset 


rp 


rpL^(SP),rpH*-{SP + 1). 
SP ♦- SP +2 


1 10-15 


11 15 1 1 1 Pi Po 



MOVW SP,#word 



SP <- word 



12 



10 11 
1111 110 



Low Byte 



High Byte 





SP.AX 


SP*-AX 


2 


9 


11 











1 





1 1 














1 


1 


1 


1 


1 


1 




AX.SP 


AX+-SP 


2 


10 


12 











1 





1 














1 


1 


1 


1 


1 


1 


INCW 


SP 


SP ^ SP + 1 


2 


5 


7 

















1 1 














1 


1 








1 





DECW 


SP 


SP-hSP-I 


2 


5 


7 




1 




1 












1 


1 1 
1 
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Instruction Set (cont) 




Operand 


Operation 


Bytes 




Clocks 




Flags 
ZACCY 


Operation Code 
Bytes Bithr 


(Bits 7-0) 


Mndmonic 


IntROM 


Branch No Branch 


uB5 


Unconditional Branch 


BR 


!addr16 


PC ^ !addr16 


3 


5 


11 












1 
i 


1 
-owAddi 


1 

r 




^P 


PCh ^ rpH, PCl ♦- rpL 


2 


6 


10 












1 







1 


1 1 
P2P1 




$addr16 


PC ^ $addr16 


2 


4 


9 















1 
jdisp 


1 


Conditional Branch 


BC 
BL 


$addr16 


PC^$addr16ifCY=1 


2 


2/4 


9 


6 




1 









jdisp 


1 1 


BNC 
BNL 


$addr16 


PC^$addr16ifCY = 


2 


2/4 


9 


6 




1 









jdisp 


1 


BZ 

BE 


$addr16 


PC^$addr16ifZ=1 


2 


2/4 


9 


6 




1 









jdisp 


1 


BNZ 
BNE 


$addr16 


PC^$addr16ifZ = 


2 


2/4 


9 


6 




1 









jdisp 





BT 


saddr.bit, $addr16 


PC ^$addr16 if (saddr.bit) = 1 


3 


5-9 


12 


9 







1 


1 1 B2B1B0 
Saddr-offset 










jdisp 





sfr.bit, $addr16 PC ♦- $addr16 if sfr.bit = 1 



4 7/9 16 13 



10 
10 11 1 B2 Bi Bo 



Sfr-offset 



jdisp 



A.bit,$addr16 


PC*-$addr16ifA.bit=1 


3 


5/7 


12 


9 



1 








1 


11 

1 1 B2 Bi Bo 
jdisp 


X.bit,$addr16 


PC4-$addr16ifX.bit = 1 


3 


5/7 


12 


9 



1 








1 


11 

1 Bg Bi Bo 
jdisp 


PSW.bit,$addr16 


PC^$addr16ifPSW.bit=1 


3 


5/7 


12 


9 




1 








1 


10 

1 B2 Bi Bo 
jdisp 
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Instruction Set (cont) 




Clocks Flags 


Operation Code (Bits 7-^) 


Mnemonic Operand Operation 


Bytas IntROM Branch No Branch ZACCY 


Bytes B1 thru B5 


Conditional Branch (cont) 



BF saddr.bit,$addr16 PC ♦- $addr16 if (saddr.bit) = 



4 5-9 15 



12 



sfr.bit,$addr16 PC *• $addr16 if sfr.bit = 



4 7/9 16 



13 



BTCLR saddr.bit,$addr16 PC ^ $addr16 if (saddr.bit) = 1 
then reset (saddr.bit) 



4 5-13 15 



12 



sfr.bit,$addr16 PC ^ $addr16 if sfr.bit = 1 
then reset sfr.bit 



4 7/13 18 



13 



10 

10 10 1 B2 Bj Bq 

Saddr-offset 

jdisp 



10 

10 10 1 B2 Bt Bo 

Sfr-offset 

jdisp 



A.bit,$addr16 


PC*-$addr16ifA.bit = 


3 


5/7 


12 


9 




1 








1 


11 
1 B2 Bi Bo 
jdisp 


X.bit,$addr16 


PC*-$addr16ifX.bit = 


3 


5/7 


12 


9 



1 








1 


11 
B2 Bi Bo 

jdisp 


PSW.bit,$addr16 


PC^$addr16ifPSW.bit = 


3 


5/7 


12 


9 



1 








1 


10 
B2 Bi Bo 
jdisp 



10 

110 1 1 B2 Bi Bq 

Saddr-offset 



jdisp 



10 

110 1 1 B2 Bi Bo 

Sfr-offset 

jdisp 



A.bit,$addr16 


PC^$addr16ifA.bit = 1 
then reset A. bit 


3 


5/9 


12 


9 




1 




1 






11 

1 1 B2 Bi Bo 
jdisp 


X.bit,$addr16 


PC*-$addr16ifX.bit = 1 
then reset X.bit 


3 


5/9 


12 


9 



1 




1 






11 

1 B2 Bi Bo 
jdisp 


PSW.bit,$addr16 


PC*-$addr16ifPSW.bit = 1 
then reset PSW.bit 


3 


5/8 


12 


9 


X X X 

1 




1 






10 

1 B2 Bi Bo 
jdisp 
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Instruction Set (cont) 




Operation 




Clocks Flags 


Operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes IntROM 


Branch No Branch ZACCY 


Bytes B1 thru B5 


CondlVonal Branch (cont) 


DBNZ rl,$addr16 


rl4-rl--1,thenPC^ 
$addr16lfrl-0 


2 3/5 


9 6 


11 1 Ro 

Idisp 


sadclr.$addrl6 


(saddr)4-(saddr)-1,then 
PC^$addr16lf(saddr)*0 


3 4-10 


12 9 


1110 11 
Saddr-offset 




jdisp 


CPU Control 



MOV 



STBC,#byte STBC ♦- byte 



10 



15 



10 1 
110 



Data 



Data 



SEL 


RBn 


RBS1-O4-n,n = 0-3 


2 


2 


6 



10 10 


10 1 

1 Ni No 


NOP 




No Operation 


1 


2 


3 








El 




IE ^ 1 (Enable Interrupt) 


1 


2 


3 


10 


10 11 


Dl 




IE ^0 (Disable Interrupt) 


1 


2 


3 


10 


10 10 
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NEC Electronics Inc. 



Advanced, 8- Bit 

Real-Time Control IMicrocomputers 

With A/D and D/A Converters 



Description 

The |jiPD78233, M.PD78234, and M.PD78P238 are high- 
performance, 8- bit, single-chip microcomputers. They 
contain extended addressing capabilities for up to 1 M byte 
of external memory. The devices also integrate sophisti- 
cated analog and digital peripherals as well as two low- 
power standby modes that make them ideal for low- power/ 
battery backup applications. 

The |xPD7823x family focuses on embedded control with 
features like hardware multiply and divide, two levels of 
interrupt response, four banks of main registers for multi- 
tasking, and macroservice for processor- independent 
peripheral and memory DMA. Augmenting this high- 
performance core are advanced components like high- 
precision A/D and D/A converters, two independent serial 
interfaces, several counter/timers, PWM outputs as well 
as a real-time output port. On board memory includes up to 
1K bytes of RAM and 32K bytes of mask ROM or OTP ROM. 

The macroservice. routine allows data to be transferred 
between any combination of memory and peripherals inde- 
pendent of the current program execution. The four banks 
of processor registers allow simplified context switching to 
be performed. Both features combined with powerful on- 
chip peripherals make this part ideal for a wide variety of 
embedded control applications. 

Features 

D Complete single-chip microcomputer 

— 8-bit ALU 

— 16K ROM 

— 640 bytes RAM 

— Both 1-bit and 8-bit logic 

D Instruction prefetch queue 
D Hardware multiply and divide 

D Memory expansion 

— 8085 bus-compatible 

— 64K program address space 

— 1M data address space 

D Large I/O capacity: up to 64 I/O port lines 

D Two 12-bit PWM outputs 

D Eight-input 8-bit A/D converters 

D Two -output 8 -bit D/A converters 



D Extensive timer/counter functions 

— One 16-bit timer/counter/event counter 

— Three 8- bit timer/counter/event counter 

D Four timer-controlled PWM channels 
D Two 4- bit real-time output ports 

D Extensive interrupt handler 

— Vectored interrupt handling 

— Programmable priority 

— Macroservice mode 

D Two independent serial ports 

D Software pull up options 

n Refresh output for pseudostatic RAM 

D On-chip clock generator 

— 12- MHz maximum CPU clock frequency 

— 0.33- |jls instruction cycle 

D CMOS silicon gate technology 
D 5-volt power supply 

Ordering Information 



Part Number 


ROM 


Package 


JJI-PD78233GC-3B9 

|xPD78233L 

M.PD78233GJ-5B6 


ROMIess 


80-pin plastic QFP 
84-pin PLCC 
94-pin plastic QFP 


fji,PD78234GC-3B9 

M.PD78234L 

JJLPD78234GJ-5B6 


16K Mask ROM 


80-pin plastic QFP 
84-pin PLCC 
94-pin plastic QFP 


M-PD78P238GC-3B9 

|xPD78P238L 

fjiPD78P238GJ-5B6 


32KOTPROM 


80-pin plastic QFP 
84-pin PLCC 
94-pin plastic QFP 
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Pin Identification 



Symbol 


Function 


P0b-P07 


Output port 


PI0-PI1/PWMO-PWMI 


I/O port 1/Pulse-width modulated outputs 


P12-P17 


l/Oporti 


P2o/NMI 


Input port 2/Non- maskable interrupt input 


P2rP22/INTP0-INTP1 


Input port 2/External interrupt input/timer 
trigger 


P23/INTP2/CI 


Input port 2/External interrupt input/ 
Clock input 


P24/INTP3 


Input port 2/External interrupt input/timer 
trigger 


P25/INTP4/ASCK 


Input port 2/External interrupt input/ 
Asynchronous serial clock 


P26/INTP5 


Input port 2/External interrupt input 


P27/SI 


Input port 2/Seriallnput 


P3o/RxD 


I/O port 3/Serial receive input 


P3i/TxD 


I/O port 3/Serial transmit output 


P32/SCK 


I/O port 3/Serial clock Input/output 


P33/SO/SBO 


I/O port 3/Serial output/Serial bus I/O 


P34-P37/TOO-TO3 


I/O ports/Timer output 


P40-P47/AD0-AD7 


I/O port4/Lower address byte/data bus 



Symbol 


Function 


P5o-P57/A8-Ai5 


I/O port 5/Upper address byte 


P60-P63/A16-A19 


Output port 6/Extended address nibble 


P64/RD 


I/O port 6/Read strobe output 


P65/WR 


I/O port 6/Write strobe output 


PSg/WAIT 


I/O port 6/Wait input 


P67/REFRQ 


I/O port 6/Refresh output 


P70-P77/ANI0-ANI7 


Input port 7/A/D converter inputs 


ANO0-ANO1 


D/A converter output 


ASTB 


Address strobe output 


RESET 


External reset input 


MODE 


External memory access control input 


X1,X2 


External crystal or externa! clock input 


AVrer 


A/D converter reference voltage 


AVreF2.AVreF3 


D/A converter reference voltages 


AVss 


Analog ground 


Vdd 


Positive power supply input 


AVdd 


Positive power supply input; analog section 


Vss 


Power return; normally ground 


NO 


No connection 
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XL 


Jl 


ja 


J2. 


n 


n 


XL 


n 




Peg/WAIT 


c 


8 
21 


fO 


00 


^ 


0> 


VI 


*^ 


w 


w 


=^ 





(D 


oa 


vi 


o> 


or 


*► 


OS 


^^ 


Oqo 


3 P3i/rxD 


P65/WR 


c 


22 






































79 1 P3o/RxD 


P64/RD 


L 


23 






































78 


3 P27/SI 


P63/A19 


C 


24 






































77 1 P26/INTP5 


P62/A18 


c 


25 






































76 3 P25/INTP4/ASCK 


P61/A17 


c 


26 






































75 


1 P24/1NTP3 


P60/A16 


c 


27 






































74 3 P23/INTP2/CI 


P57/A15 


c 


28 






































73 


3 P22/INTPI 


P56/A14 


c 


29 






































72 3 P2^/INTP0 


P55/A13 


c 


30 






































71 3 P2o/NMI 


P54/A12 


c 


31 






































70 3 AVREF3 


P53/A11 


c 


32 






































69 3 AVREF2 


P52/A10 


c 


33 






































68 3 AN01 


P51/A9 


c 


34 






































67 3 ANOO 


P50/A8 


c 


35 






































66 


13 AVss 


P47/AD7 


c 


36 






































65 


13 AVrefi 


P46/AD6 


E 


37 






































64 3 AVdd 


P45/AD5 


c 


38 






































63 3 P77/ANI7 


P44/AD4 


c 


39 






































62 3 P7g/ANI6 


P43/AD3 


c 


40 


to 


6 




^ 


^ 


^ 


^ 


S 


§ 


(J 


fS 


S 2 g g 


sa 


g 


g 


61 3 P75/ANI5 






u 


TJ 


uuuuuuuuuuuuuuuuuu 








i 


1 
1 


1 




> 

03 


< 


m 


"0 

< 


TO 


;5 




2 
4^ 


2 

en 


2 


Tl 

-si 


1 


1 




z 


1 

Z 

NS 


1 

c3 


1 





§ y. 



3 

3" 



o 
3 I 

tl, (Q 



^ 
^ 



■0 

o 

OB 
M 
U 

X 



|xPD7823x 



SEC 



84- Pin PLCC (Plastic Leaded Ciiip Carrier) 
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P74/ANI4 C 


12 74 


3 P42/AD2 




P75/ANI5 C 


13 73 


3 P43/AD3 




P76/ANI6 C 


14 72 


H P44/AD4 




P77/ANI7 E 


15 71 


H P45/AD5 




AVdd C 


16 70 


3 PAq/ADq 




AVREF1 t: 


17 69 


D P47/AD7 




AVss (= 


18 68 


3 P5o/A8 




ANOO C 


19 67 


3 P5i/A9 




AN01 E 


20 66 


3 P52/A10 




AVREF2 C 


21 65 


3 P53/AII 




AVREF3 t: 


22 64 


3 P54/A12 




P20/NMI C 


23 63 


H P55/AI3 




P21/INTP0 C 


24 62 


3 P56/A14 




P22/INTP1 C 


25 61 


H P57/AI5 




P23/INTP2/CI C 


26 60 


3 P60/AI6 




P24/INTP3 C 


27 59 


I] P61/AI7 




P25/INTP4/ASCK C 


28 58 


H P62/AI8 




P26/INTP5 C 


29 57 


3 P63/AI9 




P27/SI C 


30 56 


H P64/RD 




P3o/RxD C 


31 55 


3 P65WR 




P3l/rxD C 


SSK^E5^S§^5!55!$5?!^§?S5SS 


=] P66AA/AIT 




uuuuuuuuuuuuuuuuuuuuu 




Q. 


cr 


g 

cc 

1- 






83RD-6425B 
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PSg/WAIT 
P65/WR 
P64/RD 
P63/A19 
P62/A18 

P60/A16 
NC 

PVA15 
P56/Ai4 

P55/^3 
NC 

P54/A^2 
P53/A^^ 

P52/Aio 

PS^/Ag 

PSq/Aq 

NC 

P47/AD7 

PVADe 
P45/AD5 
P44/AD4 
P43/AD3 

PAg/ADg 
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Pin Functions 

PO0-PO7. Port is an 8-bit, tristate output port with direct 
transistor drive capability. Port can also be configured as 
two 4-bit, real-time (timer-controlled) output ports. 

PI0-PI7. Port 1 is an 8 -bit input/output port with the pro- 
grammable pullup option. Port 1 has direct LED drive 
capability. 

PWM0-PWM1. These are pulse-width modulated outputs 
fordc motor control. 

P2o-P27. Port 2 is an 8-bit input port with the programma- 
ble pullup option except for P2o and P2-| . 

NMI. Non-maskable interrupt input. 

INTP0-INTP5. External interrupt inputs. INTPO, INTP1, 
and INTP3 are timer capture trigger inputs. 

CI. External clock input to the timer. 

ASCK. Asynchronous serial clock input. 

SI. Serial data input for three-wire serial I/O mode. 

PSo-PSy. Port 3 is an 8- bit tristate I/O port with the pro- 
grammable pullup option. 

RxD. Receive serial data input. 

TxD. Transmit serial data output. 

SCK. Serial shift clock output. 

SO. Serial data output for three-wire serial I/O mode. 

SBO. I/O bus for the clocked serial interface. 

TO0-TO3. Timer flip-flop outputs. 

P4o-P47. Port 4 is an 8- bit, bidirectional tristate port with 
the programmable pullup option. Port 4. has direct LED 
drive capability. 

AD0-AD7. Multiplexed address/data bus used with exter- 
nal memory or expanded I/O. 

P5o-P57. Port 5 is an 8-bit, bidirectional tristate port with 
the programmable pullup option. Port 5 has direct LED 
drive capability. 

A8-A15. Upper-order address bus used with external 
memory or expanded I/O. 

P60-P63. Pins P60-P63 of port 6 are outputs. 

A16-A19. Extended -order address bus used with external 
memory. 



P64-P67. Pins P64-P67 of port 6 are tristate l/Os with the 
programmable pullup option. 

RD. Read strobe output used by external memory (or data 
registers) to place data on the I/O bus during a read 
operation. 

WR. Write strobe output used by external memory (or data 
registers) to latch data from the I/O bus during a write 
operation. 



WAIT. Wait signal input. 



REFRQ. Refresh pulse output used by external pseudo- 
static memory. 

P7o-P77. Port 7 is an 8-bit input port. 

ANI0-ANI7. Analog voltage inputs to A/D converter. 

AN01, AN02. Analog voltage outputs from D/A converters. 

ASTB. Address strobe output used by external circuitry to 
latch the low-order 8 address bits during the first part of a 
read or write cycle. 



RESET. A low level on this external reset input sets all re- 
gisters to their specified reset values. This pin, together 
with P2o/NMI, sets the ^jiPD78P234 in the PROM program- 
ming mode. 

MODE. Control signal input that selects external memory 
or internal ROM as the program memory. When MODE is 
low, |ulPD78234 is set in ROMIess mode and external 
memory is accessed. 

X1 , X2. For frequency control of the internal clock oscil- 
lator, a crystal is connected to X1 and X2. If the clock is 
supplied by an external source, the clock signal is con- 
nected to X1 and the inverted clock signal is connected 
toX2. 

AVrefi ■ A/D converter reference voltage. 

AVref2> AVref3- D/A converter reference voltage. 

AVdd- A/D converter supply voltage. 

AVss- A/D converter ground. 
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fjiPD7823x Block Diagram 
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FUNCTIONAL DESCRIPTION 

Timing 

The maximum clock frequency is 12 MHz. The clock is de- 
rived from an external crystal or an external oscillator. The 
internal processor clock is two-phase and the machine 
states are executed at a rate of 6 MHz. The shortest in- 
structions require two states (333 ns). The CPU contains a 
one-byte Instruction prefetch. This allows a subsequent 
instruction to be fetched during the execution of an instruc- 
tion that does not reference memory. 

Memory l\/lap 

The |xPD7823x has 1M byte of address space. This 
address space is partitioned into 64K bytes of program 

Figure 1. Memory Map 



memory starting at address OOOOOH. (See figure 1.) The 
remainder of the 1 M bytes can be accessed as data mem- 
ory space. 

External memory is supported by I/O port 4, an 8-blt multi- 
plexed address/data bus. The memory mapping register 
controls the size of external memory as well as the number 
of added wait states. The upper address byte is derived 
from port 5, and the extended address nibble is derived 
from port 6. 

The |jlPD78234 has on-chip mask ROM occupying the 
space from OOOOOH to 03FFFH. When the ROM is used 
and no other program or data space is required, ports 4, 5, 
and 6 are available as additional I/O ports. 
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General-Purpose Registers 

The general-purpose registers are mapped into specific 
addresses in data memory. They are made up of four 
banks, each bank consisting of eight 8-bit or four 16-bit 
registers. The register bank used Is specified by a CPU 
instruction. This can be checked by reading RBSO and 
RBS1 in the program status word (PSW).The general - 
purpose register configuration is shown in figure 2. 

Figure 2. Register Mapping 
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Special Registers 

There are three different special registers. The first is a 16- 
blt binary counter that holds the next program address to 
be executed and is named the program counter. The stack 
pointer is the second special 16-bit register. The stack 
pointer holds the address of the stack area (a last in, first 
out system). The third special register is an 8 -bit program 
status word. This register contains various flags that are 
set or reset depending on the results of instruction execu- 
tion. The program status word format Is as follows: 

7 



IE 


Z 


RBS1 


AC 


RBSO 





ISP 


CY 



CY 


Carry flag 


ISP 


interrupt priority status flag 


RBSO, RBS1 


Register bank selection flags 


AC 


Auxiliary carry flag 


Z 


Zero flag 


IE 


Interrupt request enable flag 



Special Function Registers 

These registers are assigned to special functions such as 
the mode and control registers for on-chip peripheral 
hardware. They are mapped into the 256-byte memory 
space from OFFOOH to OFFFFH. Table 1 is a list of special 
function registers. 



Q 
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Table 1. Special Function Registers 



Address 



Special Function Register (SFR) Name 



Symbol 



R/W 



Handleable 

Bit Unit 
18 16 
Bit Bit Bit 



On Reset 



OFFOOH 


Porto 


PO 


R/W 





- 


Indeterminate 


0FF01H 


Port 1 


PI 


R/W 








Indeterminate 


0FF02H 


Port 2 


P2 


R 





- 


Indeterminate 


0FF03H 


Ports 


P3 


R/W 





- 


Indeterminate 


0FF04H 


Port 4 


P4 


R/W 





- 


Indeterminate 


0FF05H 


Ports 


P5 


R/W 








Indeterminate 


0FF06H 


Porte 


P6 


R/W 








xOH 


0FF07H 


Port? 


P7 


R 








Indeterminate 


OFFOAH 


Port buffer register (low) 


POL 


R/W 








Indeterminate 


OFFOBH 


Port buffer register (higli) 


POH 


R/W 





- 


Indeterminate 


OFFOCH 


Real-time output port control register 


RTPC 


R/W 








OOH 


0FF10H, 
0FF11H 


16-bit compare register {16-bit timer/counter) 


CROO 


R/W 


- 


- 


Indeterminate 


0FF12H, 
0FF13H 


16-bit compare register 1 (16-bit timer/counter) 


CR01 


R/W 


- 





Indeterminate 


0FF14H 


8-bit compare register (8-bit timer/counter 1 ) 


CR10 


R/W 


- 





Indeterminate 


0FF15H 


8-bit compare register (8-bittimer/counter 2) 


CR20 


R/W 


- 


- 


Indeterminate 


0FF16H 


8-bit compare register (8-bit timer/counter 2) 


CR21 


R/W 


- 





Indeterminate 


0FF17H 


8-bit compare register (8-bit timer/counter 3) 


CR30 


R/W 


- 





Indeterminate 


0FF18H, 
0FF19H 


16-bitcapture register (16-bit timer/counter) 


CR02 


R 


- 





Indeterminate 


0FF1AH 


8-bit capture register (8-bittimer/counter 2) 


CR22 


R 


- 





Indeterminate 


0FF1CH 


8-bit capture/compare register (8-bit timer/counter 1 ) 


CR11 


R/W 


- 





Indeterminate 


0FF20H 


Porto mode register 


PIVIO 


W 


- 





FFH 


0FF21H 


Port 1 mode register 


PIVI1 


R 


- 


- 


FFH 


0FF23H 


Port 3 mode register 


PM3 


W 


- 





FFH 


0FF25H 


Port 5 mode register 


PM5 


W 


- 


- 


FFH 


0FF26H 


Port 6 mode register 


PIVI6 


R/W 


- 


- 


FxH 


0FF30H 


Capture/compare control register 


CRCO 


W 


- 





10H 


0FF31H 


Timer output control register 


TOC 


W 


- 





OOH 


0FF32H 


Capture/compare control register 1 


CRC1 


W 


- 





OOH 


0FF34H 


Capture/compare control register 2 


CRC2 


W 


- 





OOH 


0FF40H 


Pull-up option register 


PUO 


R/W 





- 


OOH 


0FF43H 


Port 3 mode control register 


PIVIC3 


R/W 








OOH 


0FF50H, 
0FF51H 


16-bit timer register 


TMO 


R 


- 


- 


OOOOH 


0FF52H 


8- bit timer register 1 


TIVI1 


R 


- 





OOH 
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Table 1. Special Function Registers (cont) 



Address 



Special Function Register (SFR) Name 



Symbol 



R/W 



Handleable 

Bit Unit 
1 8 16 
Bit Bit Bit 



On Reset 



0FF54H 


8-bit timer register 2 


TM2 


R 


- 


- 


OOH 


0FF56H 


8-bittimer register 3 


TM3 


R 


- 


- 


OOH 


0FF5CH 


Prescaler mode register 


PRMO 


W 


- 


- 


OOH 


0FF5DH 


Timer control register 


TMCO 


R/W 


- 


- 


OOH 


0FF5EH 


Prescaler mode register 1 


PRM1 


W 


- 


- 


OOH 


0FF5FH 


Timer control register 1 


TMC1 


R/W 


- 


- 


OOH 


0FF60H 


D/A converter value setting register 


DACSO 


R/W 


- 


- 


OOH 


0FF61H 


D/A converter value setting register 1 


DACS1 


R/W 


- 


- 


OOH 


0FF68H 


A/D converter mode register 


ADM 


R/W 





- 


OOH 


0FF6AH 


A/D conversion result register 


ADCR 


R 


- 





Indeterminate 


0FF70 


PWM control register 


PWMC 


R/W 


- 


- 


05H 


0FF72H, 
0FF73H . 


PWM modulo register 


PWMO 


W 


- 


- 


Indeterminate 


0FF74H, 
0FF75H 


PWM modulo register 1 


PWM1 


W 


- 


- 


Indeterminate 


0FF7DH 


One-shot pulse output control register 


OSPC 


R/W 








OOH 


0FF80H 


Clocked serial interface mode register 


CSIM 


R/W 








OOH 


0FF82H 


Serial bus interface control register 


SBIC 


R/W 





- 


OOH 


0FF86H 


Serial shift register 


SIO 


R/W 


- 





Indeterminate 


0FF88H 


Asynchronous serial interface mode register 


ASIM 


R/W 








80H 


0FF8AH 


Asynchronous serial interface status register 


ASIS 


R 








OOH 


0FF8CH 


Serial receive buffer: UART 


RxB 


R 


- 


- 


Indeterminate 


0FF8EH 


Serial send shift register: UART 


TxS 


W 


- 





Indeterminate 


0FF90H 


Baud rate generator control register 


BRGC 


W 


- 


- 


OOH 


OFFCOH 


Standby control register 


STBC 


R/W 


- 





OOOOxOOOB 


0FFC4H 


Memory expansion mode register 


MM 


R/W 





- 


20H 


0FFC5H 


Programmable wait control register 


PW 


R/W 








80H 


0FFC6H 


Refresh mode register 


RFM 


R/W 








OOH 


OFFCFH 


Memory size control register 


IMS 


W 


- 


- 


Indeterminate 


OFFEOH 


Interrupt request flag register L 


IFOL IFO 


R/W 








OOOOH 


0FFE1H 


Interrupt request flag register H 


IFOH 


R/W 








OOOOH 


0FFE4H 


Interrupt mask flag register L 


MKOL MKO 


R/W 








FFFFH 


0FFE5H 


Interrupt mask flag register H 


MKOH 


R/W 








FFFFH 


0FFE8H 


Priority specification flag register L 


PROL PRO 


R/W 








FFFFH 


0FFE9H 


Priority specification flag register H 


PROH 


R/W 








FFFFH 


OFFECH 


Interrupt service mode specification flag register L 


ISMOL ISMO 


R/W 








OOOOH 


OFFECH 


Interrupt service mode specification flag register L 


ISMOL ISMO 


R/W 








OOOOH 


OFFEDH 


Interrupt service mode specification flag register H 


ISMOH 


R/W 








OOOOH 


0FFF4H 


External interrupt mode register 


INTMO 


R/W 





- 


OOH 


0FFF5H 


External interrupt mode register 1 


INTM1 


R/W 





- 


OOH 


0FFF8H 


Interrupt status register 


1ST 


R/W 





- 


OOH 
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Input/Output Ports 

Port is a byte programmable tristate output port. Port 1 is 
bit programmable as Input or output pins. Port 2 is bit select- 
able as input or control pins. Port 3 is bit programmable as 
input, output, or control pins. Port 4 Is byte programmable 
as an I/O port or as the external address/data bus. Port 5 is 
bit programmable as I/O or the upper address byte. Port 6 
is bit programmable as I/O, control pins, or the extended 
address nibble. Port 7 is an input only port. 

Real-Time Output Port 

The real-time output port (figure 3) shares pins with port 0. 
The high and low nibbles may be treated separately or to- 
gether. In the real-time output function, data stored be- 
forehand in the buffer register is transferred to the output 
latch simultaneously with the generation of either a timer 
interrupt or external Interrupt. Using the real-time output 
function in conjunction with the macroservice function 
enables port to output preprogrammed patterns at pre- 
programmed variable time intervals. 



A/D Converter 

The |xPD7823x A/D converter (figure 4) uses the succes- 
sive-approximation method of converting any or all of the 
eight multiplexed analog inputs into 8- bit digital data. This 
data is stored in a result register that can be accessed at 
any time. The conversion time Is 30 |xs at 12- MHz opera- 
tion. Quantization error is ±1/2 LSB; maximum full-scale 
error is 0.4%. 

There are two methods for starting the A/D conversion 
operation. Conversion may be started by hardware by 
using an external interrupt as a trigger. The second method 
of starting conversion is with a software command. 

There are also two methods by which the |jlPD7823x will 
operate after conversion has begun. The first, the scan 
method, selects several analog input signals sequentially 
and obtains data from each pin producing an interrupt with 
each conversion. The converted data can be successively 
transferred to memory by using the macroservice function. 
The second, the select mode, chooses any one input 
and the result is updated continuously, with or without in- 
terrupt generation depending on the chosen start method. 



Figure 3. Real-Time Output Port 
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Figure 4. Analog-to- Digital Converter 
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p/A Converter 

The |jlPD7823x has two D/A converters as shown in figure 5. 
The 8-bit digital input, written to the DACSn register 
(n = 0, 1 ), selects one of 256 taps on a resistor ladder be- 
tween reference voltages AVref2 and AVrefs- The selected 
voltage becomes the analog output at the ANOn pin. 

Because of the high impedance at ANOn, an external buf- 
fer is required to drive a low- Impedance load. 

The ANOn pin Is high impedance also while the RESET 
signal is active. After reset clears, the DACSn register is 
loaded with Os. 



Figure 5. Digitai-to-Anaiog Converter 
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PWM Output 

The two pulse-width modulators of the |ulPD7823x (figure 6) 
have 12-bit resolution. Designed for dc motor speed con- 
trol, the outputs at PWMn (n = 0, 1) are selectable inde- 
pendently as active low or high. 



Figure 6. 
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Serial Interface 

The |xPD7823x has two independent serial Interfaces. 

• Asynchronous serial interface (DART) (figure 7) 

• Clock-synchronized serial interface (figure 8) 

A universal asynchronous receiver transmitter (UART) is 
used as an asynchronous serial interface. This interface 
transfers one byte of data following a start bit. The 
|xPD7823x contains a baud rate generator. This allows 
data to be transferred over a wide range of transfer rates. 
Transfer rates may also be defined by dividing the clock 
Input to the ASCK pin. Transfer rates may also be gener- 
ated by 8-blt timer counter 3. 

The clock-synchronized serial interface has two different 
modes of operation: 

• Three-line serial I/O mode. 

In this mode, data 8 bits long is transferred along three 
lines: a serial clock (SCK) line and two serial bus lines 
(SO and SI). This mode is convenient when the 
fjLPD7823x is connected to peripheral l/Os and dis- 
play controllers that have the conventional clock- 
synchronized serial interface. 

• Serial bus interface mode (SBI). 

In this mode the fxPD7823x can communicate data with 
several devices using the serial clock (SCK) and the se- 
rial data bus (SBO) lines. This mode conforms to NEC's 
serial bus format. In SBI mode, addresses that select a 
device to communicate with, commands that direct the 
device, and actual data are output to the serial data bus. 
A handshake line, which was required for connecting 
several devices in the conventional clock-synchronized 
serial interface, is not needed. 
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Figure 7. Asynchronous Serial Interface 
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Figure 8. Clock-Synchronized Serial Interface 
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Timer/Counters 

The |jlPD7823x has four timer/counters: one 16-bit and 
three 8-bit. The 16-bit timer/counter (figure 9) has the 
basic functionality of an interval timer, a programmable 
square-wave output, and a pulse width measurer. These 
functions can provide a digital delayed one-shot output, a 
pulse width modulated output, and a cycle measurer. 



Figure 9. 16- Bit Timer/Counter 
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Timer/counter 1 can also be used as a timer for output 
trigger generation for the real-time output port. Timer/ 
counter 2 can also provide an external event counter, a 
one-shot timer, a programmable square-wave output, a 
pulse-width modulated output, and a cycle measurer. 
Timer/counter 3 can operate as an internal timer or as a 
counter to generate clocks for a baud rate generator. See 
figures 10, 11, and 12. 
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Figure 10. 8-Bit Timer/Counter 1 
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Figure 1 1. 8-Bit Timer/Counter 2 
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Interrupts 

There are 20 interrupt request sources; each source is allo- 
cated a location in the vector table. (See table 2.) There is 
one software interrupt request and one of the remaining 19 
interrupts is non-maskable. The software interrupt and the 
non-maskable interrupt are unconditionally received even 
in the Dl state. These two interrupts possess the maximum 
priority. The maskable interrupt requests are subject to 
mask control by the setting of the interrupt mask flag. 



There are default priorities associated with each maskable 
interrupt and these can be assigned to either of two pro- 
grammable priority levels. Interrupts may be serviced by 
the vectored interrupt method where a branch to a desired 
service program is executed. Interrupts may also be handled 
by the macroservice function where a preassigned proc- 
ess is performed without program intervention. 
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Figure 12. 8-Blt Timer/Counter 3 
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Table 2. Interrupt Sources and Vector Addresses 



Interrupt 
Request 
Type 


Default 
Priority 


Interrupt Request Generation Source 


Macroservice 
Mode 


Vector 

Table 

Address 


Software 


None 


BfRK instruction execution 


- 


003EH 


Non-maskable 


None 


NMI (pin input edge detection) 


- 


0002H 



Maskable 






INTPO (pin input edge detection) 


Yes 


0006H 


1 


INTP1 (pin input edge detection) 


Yes 


0008H 


2 


INTP2 (pin input edge detection) 


Yes 


OOOAH 


3 


INTP3 (pin input edge detection) 


Yes 


OOOCH 


4 


INTCOO (TMO-CROO coincidence signal generation) 


Yes 


001 4H 


5 


INTC01 (TM0-CR01 coincidence signal generation) 


Yes 


001 6H 


6 


INTC1 (TM1 -CR1 coincidence signal generation) 


Yes 


001 8H 


7 


INTC11 (TM1-CR11 coincidence signal generation) 


Yes 


001 AH 


8 


INTC21 (TM2-CR21 coincidence signal generation) 


Yes 


001 CH 


9 


INTP4 (pin input edge detection)/INTC30(TM3-CR30 coincidence signal generation) 


Yes 


OOOEH 


10 


INTP5 (pin input edge detection) /INTAD (end of A/D conversion) 


Yes 


001 OH 


11 


INTC20 (TM2-CR20 coincidence signal generation) 


Yes 


001 2H 


12 


INTSER (generation of asynchronous serial interface receive error) 


- 


0020H 


13 


INTSR (end of asynchronous serial interface reception) 


Yes 


0022H 


14 


INTST (end of asynchronous serial interface transmission) 


Yes 


0024H 



INTCSI (end of clocked serial interface transmission) 



Yes 



0026H 
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Macroservice 

The macroservice function can be programmed to transfer 
data from a special function register to memory or from 
memory to a special function register. Transfer events are 
triggered by interrupt requests and take place without soft- 
ware intervention. There are 17 interrupt requests where 
macroservicing can be executed. The macroservice func- 
tion is controlled by the macroservice mode register and 
the macroservice channel pointer. The macroservice 
mode register assigns the macroservicing mode and the 
macroservice channel pointer indicates the address of the 
memory location pointers. The location of each register 
and its corresponding interrupt is shown in figure 13. 

Refresh 

The refresh signal is used with a pseudostatic RAM. The 
refresh cycle can be set to one of four intervals ranging 
from 2.6 to 21 .3 |jls. The refresh is timed to follow a read or 
write operation so there is no interference. 

Standby Modes 

Halt and stop functions reduce system power consump- 
tion. In the halt mode, the CPU stops and the system clock 
continues to run. A release of the halt mode is initi ated by 
an unmasked interrupt request, an NMI, or a RESET 
input. In the stop mode, the CPU and system clock are 
both stopped, reducing the power consumption even 
further. The stop mode is released by an NMI input or a 
RESET input. 



Figure 13. Macroservice Control Word Map 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

T. = +25''C. 



Item 


Symbol 


Conditions 


Rating 


Unit 


Power supply voltages 


Vdd 




-0.5 to +7.0 


V 




AVdd 




AVss to Vdd + 0.5 


V 




AVss 




-0.5 to +0.5 


V 


Input voltage 


V|1 




-0.5toAVREFi+0.5 


V 


Output voltage 


Vo 




-0.5toVDD + 0.5 


V 


Low- level output current 


"OL 


One output pin 


15 


mA 






All output pins total 


100 


mA 


High-level output current 


'oh 


One output pin 


-10 


mA 






All output pins total 


-50 


mA 


A/D converter reference 
Input voltage 


AVREF1 




-0.5 to AVdd +0.3 


V 


D/A converter reference 


AVREF2 




-0.5toVDD + 0.3 


V 


input voltage 


AVREF3 




-0.5 to Vdd + 0.3 


V 


Operating temperature 


TOPT 




-40 to +85 


°C 


Storage temperature 


TSTG 




-65 to +150 


°C 



Operating Frequency 






Oscillation Frequency 


Ta 


Vdd 


fXX = 4to 12MHz 


-40to+85°C 


+5V ± 10% 



Capacitance 

Ta=+25"C;Vdd = 


Vss 


= 0V. 






Item 




Symbol Typ 


Max 


Unit Conditions 


Input capacitance 




C| 


20 


pF f=1 MHz; pins not 


Output capacitance 




Co 


20 


r- used tor measure- 
ment are at V 


Input/output capacitance 


C|0 


20 


pF 
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DC Characteristics 

Ta = -40 to +85°C; Vqd = +5 V 


tlO%;Vss = 


AVss = V. 










Item 


Symbol 


Conditions 


MIn 


Typ 


Max 


Unit 


Low-level input voltage 


V|L 









0.8 


V 


High-levelinput voltage 


V|H1 


Except pins in Note 1 


2.2 




Vdd 


V 




V|H2 


Pins in Note 1 


0.8 Vdd 




Vdd 


V 


Low-level output voltage 


V0LI 


Iql = 2.0 mA 






0.45 


V 




V0L2 


Iql = 8.0 mA (pins in Note 2) 






1.0 


V 


High-level output voltage 


V0HI 


IOH = -10mA 


Vdd-1.0 






V 




V0H2 


Ioh = -100m^A 


Vdd -0.5 






V 




V0H3 


Iqh = -50 mA (pins in Note 3) 


2.0 






V 


Input leakage current 


Ili 


OV<V,<Vdd 






±10 


^JLA 


Output leakage current 


Ilo 


OV<Vo^Vdd 






±10 


M-A 


AVref current 


AIref 


Operating mode, fxx = 12 MHz 




1.5 


5.0 


mA 


Vdd power supply current 


'ddi 


Operating mode, fxx = 12 MHz 




20 


40 


mA 




IdD2 


HALT mode, fxx = 12 MHz 




7 


20 


mA 


Data retention voltage 


Vdddr 


STOP mode 


2.5 




5.5 


V 


Data retention current 


'dddr 


STOP mode Vdddr = 2.5 V 




2 


20 


IxA 




Vdddr = 5V±10% 




5 


50 


jxA 


Pullup resistor 


Rl 


V| = OV 


15 


40 


80 


m 



Notes: 

(1) XI, X2, RESET, P2o/NMI, P2i/INTP0, P22/INTPI, P23/INTP2/CI, 
P24/INTP3, P25/INTP4/ASCK, P26/INTP5, P27/SI, P32/SCK, 
P33/SO/SBO, and EA pins. 



(2) Pins PI0-PI7, P40-P47/AD0-AD7 and PSQ-PSy/As-Ais. 

(3) PinsPOo-POy. 



Figure 14. Voltage Thresholds for Timing Measurements 
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Read/Write Operation 

Ta = -40 to +85°C; Vqd = +5 V ±10%; Vgs = 


= V; fxx = 12 MHz; Cl = 


= 100 pF. See figures 15, 


16, and 17. 






Item 


Symbol 


Conditions 


MIn 


Max 


Unit 


X1 input clock cycle time 


tCYX 




82 


250 


ns 


Address setup time to ASTB i 


tSAST 




52 




ns 


Address hold time from ASTB i (Note 1 ) 


tHSTA 


RL = 5kint,CL = 50pF 


25 




ns 


Address to RD i delay time 


tOAR 




129 




ns 


Address float time from RD i 


tpAR 




11 




ns 


Address to data input time 


tDAID 






228 


ns 


ASTB i to data input time 


bSTID 






181 


ns 


RD i to data input time 


tDRID 






99 


ns 


ASTB 1 toRD i delay time 


bSTR 




52 




ns 


Data hold time from RDt 


^HRID 









ns 


RD t to address active time 


tpRA 




124 




ns 


RD r to ASTB t delay time 


tORST 




124 




ns 


RD low-level width 


tWRL 




124 




ns 


ASTB high-level width 


%STH 




52 




ns 


Address to WR i delay time 


^DAW 




129 




ns 


ASTB i to data output time 


bSTOD 






142 


ns 


WRi to data output time 


tpWOD 






60 


ns 


ASTB i to WR i delay time 


toSTWI 




52 




ns 




tDSTW2 


Refresh mode 


129 




ns 


Data setup time to WR t 


tsODWR 




146 




ns 


Data setup time to WR i (Note1) 


tsODWF 


Refresh mode 


22 




ns 


Data hold time from WR t 


^HWOD 




20 




ns 


WR t to ASTB t delay time 


toWST 




42 




ns 


WR low-level width 


twWL1 




196 




ns 




twWL2 


Refresh mode 


114 




ns 


Address to WAIT i input time 


tpAWT 






146 


ns 


ASTB itoWAITi input time 


toSTWT 






84 


ns 


WAIT hold time from X1 i 


tHWTX 









ns 


WAIT setup time to X1 t 


tsWTX 









ns 



Notes: 

(1) The hold time includes the time during which Vqh and Vql are 
retained under the following load conditions: Cl = 100 pF and 
RL = 2kn. 
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Figure 15. Read Operation Timing 
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Figure 16. Write Operation Timing 
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Figure 17. External WAiT input Timing 
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Figure 18. Clock-Synchronized Serial Interface Timing; Three-Line I/O Mode 



(jiPD7823x 



Serial Port Operation 

Ta = -40 to +85°C; Vqd = +5 V ± 10%; Vgs = 


= 0V;fxx = 12MHz 


Cl = 100 [ 


dF. See figures 18, i 


9, and 20. 






Item 


Symbol 


{ 


Conditions 


mn 


Max 


Unit 


Serial clock cycle time 


tCYSK 


Input 


External clock 


1.0 




fJLS 




Output 


Internal clock/1 6 
Internal clock/64 


1.3 
5.3 




fXS 


Serial clock low-level width 


%SKL 


Input 


External clock 


420 




ns 




Output 


Internal clock/ 16 
Internal clock/64 


556 
2.5 




ns 


Serial clock high-level width 


twSKH 


Input 


External clock 


420 




ns 




Output 


Internal clock/ 16 
Internal clock/64 


556 
2.5 




ns 
M.S 


SI, SBO setup time to SCKt 


tSSSK 






150 




ns 


SI, SBO hold time from SCKt 


tHSSK 






400 




ns 


SO/SBO output delay time from SCK i 


tDSBSKI 


CMOS push-pull output 
(3-line serial I/O mode) 





300 


ns 




tDSBSK2 


Open-drain output 
(SBImode),RL=1kn 





800 


ns 


SBO high, hold time from SCK t 


tHSBSK 




SBImode 


4 




tCYX 


SBO low, setup time to SCK i 


tssBSK 




SBImode 


4 




tCYX 


SBO low-level width 


twSBL 






4 




tCYX 


SBO high-level width 


twSBH 






4 




tCYX 


RxD setup time to SCK t 


tSRXSK 






80 




ns 


RxD hold time after SCKt 


tHSKRX 






80 




ns 


SCK i to TxD delay time 


toSKTX 








210 


ns 



-*-*WSKL-^ 



SCK 



-^WSKH-*- 



^CYSK- 



<Z3- 



\^ "^^ ^^' v_ 

^SSSK U >• •* — tA *HSSK 
— / \ I Input Data ^ / 



X 



X 



^DSBSKI 



CXitput Data 



X 



X 
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Figure 19. Clock-Synchronized Serial Interface Timing; SBI Mode 



NEC 



Bus Release Signal Transfer Timing 



^HSBSK *WSBL %SBH ^SSBSK 



K_y \_y V 



SBO 



\jr\ z: 



)C 



Command Signal Transfer Timing 



A 



^HSBSK 



tSSBSK 



%SKL 



%SKH 



\ z: 



tcYSK — — >\< » U»| [-•— tHSSK— ^ 

JDSBSK2 2gSSK 

Y^ V Input/Output Data ^ 



}C 



Figure 20. Asynchronous Mode Timing 
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A/D Converter Operation 

Ta = -40 to +85°C; Vpo = + 5 V ±10%; Vss = 


AVss = OV. 










Item 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Resolution 






8 






Bit 


Full-scale error 




AVref = 4.0 vto Vdd;Ta = -ioto +70°c 






0.4 


% 




AVref = 3.4Vto Vdd;Ta = -ioto +70°c 






0.8 


% 




AVref = 4.0 vto Vdd 






0.8 


% 


Quantization error 










±1/2 


LSB 


Conversion time 


tCONV 


Sans^tcYX^I^dns 


360 






tCYX 




125 ns^tcYX^ 250 ns 


240 






tCYX 


Sampling time 


tSAMP 


83 ns^tQYx^ 125 ns 


72 






tCYX 




125 ns^tcYX = 250 ns 


48 






tCYX 


Analog input voltage 


V|AN 









AVref 


V 


Input impedance 


Ran 






1000 




Mn 


Analog reference voltage 


AVref 




3.4 




Vdd 


V 


AVref current 


aIref 


Operating mode, fxx = 12 MHz 




1.5 


5.0 


mA 




STOP mode 




0.2 


1.5 


mA 


D/A Converter Operation 

Ta = -40 to +85°C; AVref2 = Vdd = 


+5 V ±10%; aVref3 = Vss = v. 










Item 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Resolution 










8 


Bit 



Absolute accuracy 



AVref2 = Vdd = 5V; 
AVref3 = Vss = 0V; 
Load conditions: 2 IVin, 30 pF 



aVref2 = 0.75 Vdd; 
aVref3 = 0.25 Vdd; 
Load conditions: 2 MCI, 30 pF 



LSB 



LSB 



Settling time 


Undefined 






10 


(XS 


Analog reference voltage 


VavreF2 


0.75 Vdd 




Vdd 


V 


Analog reference voltage 


Vavrefs 







0.25 Vdd 


V 


Reference power input current 


AIref2 







5 


mA 


Reference power input current 


AIrefs 


-5.0 







mA 


Output resistance 


Ro 




24 




ka 
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Interrupt Timing Operation 



Figure 21. Interrupt Input Timing 



Item 


Symbol Conditions Min 


Max Unit 


NMI low-level width 


tWNIL 


10 


^ts 


NMI high-level width 


tWNIH 


10 


\x.S 


INTPO- INTP5 low-level width 


tWITL 


24 


tCYX 


INTP0-INTP5 high-level width 


twiTH 


24 


tCYX 


RESET low-level width 


tWRSL 


10 


M-S 


RESET high-level width 


tWRSH 


10 


M-S 



Note: See figures 21 and 22. 
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Figure 22. Reset Input Timing 
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Data Retention Characteristics 

TA = -40to+85°C. 



Item 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Data retention voltage 


Vdddr 


STOP mode 


2.5 




5.5 


V 


Data retention current 


'dddr 


Vdddr = 2.5 V 




2 


15 


M^A 




VddDR = 5V±10% 




5 


20 


jxA 


Vdd rise time 


tRVD 




200 






|XS 


VDofalltime 


tpVD 




200 






M-S 


Vdd retention time 
(for STOP mode setup) 


tHVD 











ms 


STOP release signal input time 


tOREL 











ms 


Oscillation stabilization wait time 


tWAIT 


Crystal oscillator 


30 






ms 




Ceramic resonator 


5 






ms 


Low-level input voltage 


V|L 


Specified pins (Note 1) 







0.1 Vdddr 


V 


High-level input voltage 


V|H 




0.9 Vdddr 




Vdddr 


V 



Notes: 



(1) RESET, P2o/NMI, P2i /INTPO, P22/INTPI, P23/INTP2/CI, P24/ 
INTP3, P25/INTP4/ASCK, P26/INTP5, P27/SI, PSa/SCK, PSg/SO/ 
SBO, and EA pins. 

(2) See figure 23. 
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Figure 23. Data Retention Ctiaracteristics 



Set STOP Mode 



vdd 



^HVD 



NMI 

(Release by falling 

edge input) 



NMI 

(Release by rising 

edge input) 



vdddr 



-4- tpvD tRVD -*■ •*- 



Vdddr 



Vdddr 



0.8 Vdd 



0.8 Vdd 



0.8 Vdd 



-tWAIT" 
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Timing Dependent on tcvx 


Item 


Symbol 


Calculation Formula 


Min/Max 


12 MHz 


Unit 


X1 input clock cycle time 


tCYX 




Min 


82 


ns 


Address setup time to ASTB i 


tSAST 


tcYX-30 


Min 


52 


ns 


Address to RD i delay time 


bAR 


2tcYX-35 


Min 


129 


ns 


Address float time from RD i 


tpAR 


tcYx/2-30 


Min 


11 


ns 


Address to data input time 


tOAID 


(4+2n)tcYX-100 


Max 


228 


ns 


ASTB i to data Input time 


bSTID 


(3+2n)tcYX-65 


Max 


181 


ns 


RDi to data input time 


tpRID 


(2+2n)tcYX-65 


Max 


99 


ns 


ASTB i to RD i delay time 


bSTR 


tcYX-30 


Min 


52 


ns 


RD t to address active time 


toRA 


2tcYX-40 


Min 


124 


ns 


RDTtoASTBt delay time 


tORST 


2tcYX-40 


Min 


124 


ns 


RD low-level width 


tWRL 


(2+2n)tcYX-40 


Min 


124 


ns 


ASTB high-level width 


twSTH 


tcYX-30 


Min 


52 


ns 


Address to WR i delay time 


tOAW 


2tcYX-35 


Min 


129 


ns 


ASTB i to data output time 


bSTOD 


tcYX + 60 


Max 


142 


ns 


ASTB i toWR i delay time 


tOSTWI 


tcYX-30 


Min 


52 


ns 




tDSTW2 


2tcYX-35 
(refresh mode) 


Min 


129 


ns 


Data setup time to WR t 


tsODWR 


(3+2n)tcYX-100 


Min 


146 


ns 


Data setup time to WRi 


tSODWF 


tcYx-60 
(refresh mode) 


Min 


22 


ns 


WRttoASTBt delay time 


toWST 


tcYX-40 


Min 


42 


ns 


Wr low-level width 


twWL1 


(3+2n)tcYX-50 


Min 


196 


ns 




twWL2 


(2+2n)tcYX-50 
(refresh mode) 


Min 


114 


ns 


Address to WAIT i input time 


tpAWT 


3tcYX-100 


Max 


146 


ns 


ASTB itoWAITi input time 


toSTWT 


2tcYX-80 


Max 


84 


ns 



Notes: 

(1 ) n indicates the number of wait states. 
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Figure 24. Recommended Oscillator Circuit 
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Figure 25. Recommended External Clock Circuit 
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External Clock Operation 



Item 


Symbol 


Conditions 


Min 


Max 


Unit 


XI input low-level width 


tWXL 




30 


130 


ns 


XI input high-level width 


twXH 




30 


130 


ns 


XI input nse time 


tXR 







30 


ns 


XI input fall time 


tXF 







30 


ns 


XI input clock cycle time 


tCYX 




82 


250 


ns 



Figure 26. External Clock Timing 
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|uiPD78P238 PROGRAMMING 

In the 78P238, the mask RQM of 78234 is replaced by a 
one-time programmable ROM (OTP ROM). The ROM is 
32K X 8 bits and can be programmed using a general- 
purpose PROM writer with a |ulPD27C256A programming 
mode. 

The PA-78P238GC/GJ/L are the socket adaptors used for 
configuring the |ulPD78P238 to fit a standard PROM socket. 

Refer to tables 3 through 6 and figures 27 and 28 for spe- 
cial information applicable to PROM programming. 



Table 3. Pin Functions During EPROM Programming 



Pin 




Function 


PO0-PO7 


A0-A7 


Input pins for PROM write/verify 
operations 


PSq/As 


As 


Input pin for PROM write/verify operation 


P2i /INTRO 


A9 


Input pin for PROM write/verify operation 


P52-P56/Aio-Ai4 


A10-A14 


Input pins for PROM write/verify 
operations 


P40-P47/AD0-AD7 


D0-D7 


Data pins for PROM write/verify 
operations 


P65/WR 


CE 


Strobe datajntothe PROM 


P64/RD 


OE 


Enable a data read from the PROM 


P2o/NMI 


NMI 


PROM programming mode is entered by 
applying a high voltage to this pin 








RESET 


RESET 


PROM programming mode requires 
applying a low voltage to this pin 


EA 


Vpp 


High voltage applied to this pin for 
program write/verify 


Vdd 


Vdd 


Positive power supply pin 


Vss 


Vss 


Ground 



Table 4. Summary of Operation Modes for PROM Programming 



IVIode 


NIVII 


RESET 


CE 


OE 


Vpp 


Vdd 


D0-D7 


Program write 


+ 12.5V 


L 


L 


H 


+ 12.5V 


+6V 


Data input 


Program verify 


+ 12.5V 


L 


H 


L 


+ 12.5 V 


+6V 


Data output 


Program inhibit 


+ 12.5 V 


L 


H 


H 


+ 12.5 V 


+6V 


HighZ 


Readout 


+ 12.5V 


L 


L 


L 


+5V 


+5V 


Data output 


Output disable 


+ 12.5V 


L 


L 


H 


+5V 


+5V 


HighZ 


Standby 


+ 12.5V 


L 


H 


L/H 


+5V 


+5V 


HighZ 



Notes: 

When + 12.5 V is applied to Vpp and +6 V to Vqq, both CE and OE cannot 
be set to low level (L) simultaneously. 



6-152 



NEC 



|jlPD7823x 



Tables. DC Programming Characteristics 

Ta = 25 ±5°C, V|p = 12.5 ±0.5 V applied to NMI pin, Vgs = V. 


Parameter 




Symbol 


Symbol* 


Condition 


MIn 


Typ 


Max 


Unit 


Higli-level input voltage 




V|H 


V|H 




2.4 




Vddp +0.3 


V 


Low-level input voltage 




V|L 


V|L 




-0.3 




0.8 


V 


Input leakage current 




Vlip 


Vli 


O^Vi<Vddp 






10 


ixA 


High-level output voltage 




V0H1 


VOH 


lOH = -400 |xA 


2.4 






V 






V0H2 


V0H2 


IOH = -100fxA 


Vdd-0.7 






V 


Low-level output voltage 




Vol 


Vol 


l0H = 2.1mA 






0.45 


V 


Output leakage current 




Ilo 




0<Vo^Vdpp,OE = V|h 






10 


jxA 


NMI pin high-voltage input current 


iip 










±10 


^.A 


Vddp power voltage 




Vddp 


Vcc 


Program memory write mode 


5.75 


6.0 


6.25 


V 




Program memory read mode 


4.5 


5.0 


5.5 


V 


Vpp power voltage 




Vpp 


Vpp 


Program memory write mode 


12.2 


12.5 


12.8 


V 




Program memory read mode 




VPP = 


Vddp 


V 


Vqdp power current 




'dd 


•cc 


Program memory write mode 




5 


30 


mA 




Program memory read mode 
CE = V,L,V, = V,H 




5 


30 


mA 


Vpp power current 




Ipp 


Ipp 


Program memory write mode 
CE = V,L,OE = V,H 




5 


30 


mA 




Program memory read mode 




1 


100 


^.A 



Corresponding symbols of the fjLPD27C256A. 



Table 6. AC Programming Characteristics 

Ta = 25 ±5°C, V,p = 12.5 ±0.5 V applied to NMI pin, Vgs = 


= OV,Vdd = 


= 6 ±0.25 V, Vpp =12.5 


±0.3 V. 








Parameter 


Symbol 


Symbol* 


Condition 


Min 


Typ 


Max 


Unit 


Address setup time to CE i 


tSAC 


tAS 




2 






^JLS 


DatatoOEi delay time 


tDDOO 


tOES 




2 






|XS 


Input data setup time to CE i 


^SIDC 


tDS 




2 






JXS 


Address hold time from CE t 


tHCA 


tAH 




2 






M.S 


Input data hold time from CE t 


tHCID 


tDH 




2 






|XS 


Output data hold time to OE T 


tHOOD 


tDF 









130 


ns 


Vpp setup time to CEi 


tsvpc 


Vps 




1 






ms 


Vddp setup time to CE ^ 


tSVDC 


Vds 




1 






ms 


Initial program pulse width 


twL1 


tpw 




0.95 


1.0 


1.05 


ms 


Additional program pulse width 


tWL2 


topw 




2.85 




78.75 


ms 


NMI high-voltage input setup time 
(vs. CEi) 


tSPC 






2 






[XS 


Address to data output time 


tDAOD 


tACC 


CE = OE = V|L 






200 


ns 


CEi to data output time 


bcop 


tCE 


OE = V,L 






200 


ns 


OEi to data output time 


booD 


tOE 


CE = V,L 






75 


ns 


Data hold time from OE t 


tHCOD 


tDF 


CE = V,L 







60 


ns 


Data hold time from address 


tHAOD 


toH 


CE = OE = V,L 









ns 



Corresponding symbols of the |xPD27C256A. 
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Figure 27. PROM Write Mode Timing 



Aq-Am / 



D0-D7 



V|p 



NMI 



Vpp 



Vddp 

Vddp + 1 
Vddp 

Vddp 

V|H 



V|L 



V|H 



OE 



V|L 



Effective Address 



J^ 



-*- tSAC 



Data 

Input 



M 



^SPC 



tSVPC 



VJ 



^wu 



^HCID 



Data 
Output 



^DOOD 



\ n 



*HOOD 



h-i 



^SIDC 



Data 

Input 



> 



^HCID 



V^ 



"*-^WL2- 



Notes: 

(1) Vj3DP must be applied before applying V pp. It should be reoioved after removing V pp 

(2) Vpp must not exceed +1 3 V, Including overshoot. 



Figure 28. PROM Read Mode Timing 
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PROM Write Procedure 

(1) Connect the RESET pin to a low level and apply 
+ 12.5 V to the NMI pin. 

(2) Apply +6 V to the Vqd pin and + 12.5 V to the Vpp pin. 

(3) Provide the Initial address. 

(4) Provide write data. 

(5) Provide 1 -ms program pulse (active low) to the CE pin. 

(6) Thi s bit is now verified with a pulse (active low) to the 
OE pin. If the data has been written, proceed to step 8; 
If not, repeat steps 4 to 6. If the data cannot be cor- 
rectly written after 25 attempts, go to step 7. 

(7) Classify as defective and stop write operation. 

(8) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
repeats performed between steps 4 to 6. 

(9) Increment the address. 

(1 0) Repeat steps 4 to 9 until the end address. 



PROM Read Procedure 



(1 ) Fix the RESET pin to a low level and apply + 12.5 V to 
the NMI pin. 

(2) Apply +5 V to the Vqd and Vpp pins. 

(3) Input the address of the data to be read to pins Aq- A14. 

(4) Read mode isentered with a pulse (active low) on both 
the CE and OE pins. 

(5) Data Is output to the Dq to D7 pins. 
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INSTRUCTION SET 

All microcomputers in the |jlPD7823x family have a 1-byte 
instruction lookahead buffer. This allows the first byte of 
the next opcode in program memory to be fetched while the 
current opcode is being executed. This pipeline architec- 
ture allows instruction fetch and excute cycles to overlap. 
An instruction can be fetched from program memory while 
data is being read from or written to RAM or an I/O port. 

The advantage of the pipeline Is that one instruction can be 
executed while another is being fetched, virtually halving 
the time required for these two operations and thereby 
reducing overall program execution time. 

Operands and Operations 

Refer to tables 7 and 8 for the meanings of symbols in the 
operand and operations columns of the Instruction Set 
table. 

Specify operands in accordance with the rules of operand 
representation; for details, refer to the assembler specifi- 
cations. If two or more description methods are available, 
select one. The symbols +, -, #, !, $, /, [ ], and & are 
keywords and must be used in conjunction with each 
instruction. 

When describing immediate data as a label, use one of the 
following modifiers: +,-,#, !, $, /, [ ], and &. Symbols r and 
rp can be described in both the function name and absolute 
name. 

Table 7. Operands 



Symbol Meaning 


+ 


Autoincrement 


Autodecrement 


# 


Immediate data 


! Absolute address 


$ 


Relative address 


/ 


Bit inversion 


[ ] Indirect addressing 


& 


Subbank 


r 


Register 

Function name: X, A, C, B, E, D, L, H 

Absolute name: RO to R7 


r1 


Registergroup1:C,B 


rp 


Register pair 

Function name: AX, BC, DE, HL 

Absolute name: RPOto RP3 



sfr Special function register: 

PC, P2-P7, POH, POL, RTPC, CR10, CR1 1 , CR20, CR21 , CR22, 
CR30, PMO, PM3, PM5, PM6, PMC3, PUO, CRC0-CRC2, TOC, 
TM1-TM3, TMCO, TMC1, PRMO, PRM1, ADM, ADCR, CSIM, 
SBIC, 810, ASIM, ASIS, RxB, TxS, BRGC. STBC (dedicated in- 
struction only), MM, PW, RFM, IFOL, IFOH, MKOL, MKOH, PROL, 
PROH, ISMOL, ISMOH, INTMO, INTM1, 1ST 



Table?. Operands (cont) 


Symbol Meaning 


sfrp 


Special function register pair: 
CR00-CR02, TMO, IFO, MKO, PRO, ISMO 


mem 


Memory address indirectly addressed 

Register indirect mode: [DE], [HL], [DE-f-], [HL+], [DE-], [HL-] 

Base mode: [DE+byte], [HL+byte], [SP+byte] 

Indexed mode: word[A], word[B], wprd[DE], word [HL] 


memi 


Memory address addressed by means of indirect addressing 
group 1:[DE],[HL] 


saddr 


Memory address Indirectly addressed: 
FE20H- FF1 FH immediate data or label 


saddrp 


Memory address addressed by means of direct addressing pair: 
FE20H-FF1 EH Immediate data (LSB=0; odd address) or label 


addr16 


16-bit address: OOOOH-FEFFH immediate data or label 


addrll 


1 1 -bit address: 800H-FFFH immediate data or label 


addrS 


5-bit address: 40H-7EH immediatedata or label 


word 


16-bit data: 16-bit immediate data or label 


byte 


8 -bit data: 8 -bit immediate data or label 


bit 


3-bit data: 3-bit immediate data or label 


n 


Number of shift bits: 3-bit immediate data (0-7) 


RBn 


Register bank: RB0-RB3 


Table 8. Registers and Flags 


Symbol Meaning 


A 


A register; 8-bit accumulator 


X 


X register 


B 


B register 


C 


C register 


D 


D register 


E 


E register 


H 


H register 


L 


L register 


R0-R7 


Registers to 7 (absolute names) 


AX 


Register pair (AX); 16-bit accumulator 


BC 


Register pair (BC) 


DE 


Register pair (DE) 


HL 


Register pair (HL) 


RP0-RP3 Register pairs to 3 (absolute names) 


PC 


Program counter 


SP 


Stack pointer 


PSW 


Program status word 


CY 


Carry flag 


AC 


Auxiliary flag 


Z 


Zero flag 


RBSM 


RBSO Register bank select flags 


IE 


Interrupt enable flag 


STBC 


Standby control register 
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Table 8. Registers and Flags (cont) 



Symbol 



Meaning 



( ) 



xxH 



Memory contents indicated by address or register contents 

in( ) 

Hexadecimal number 



xh.xl 



Higher 8 bits and lower 8 bits of 16-bit register pair 



Clocks 

The clock field specifies the number of clocks required 
under the conditions defined by the four column headings 
as follows: 

IROM Program in internal ROM is executed. 

I RAM Program in external ROM is executed and internal 
RAM is accessed. 

SFR Program in external ROM is executed and special 
function register is accessed. 

EMEM Program in external ROM is executed and external 
memory is accessed. 

In a shift/rotate instruction, n in the clock field indicates the 
number of bits by which data is shifted. 

The hyphen (-) indicates a range of values; for example 
10-13 means 10, 1 1 , 12, or 13. 

The virgule symbol (/) means either/or; for example, a/b 
means either a or b. 

The number of clocks when execution is branched by a 
conditional branch Instruction is shown after the symbol (/). 

The number of clocks for instruction having the saddr or 
saddrp operand and when an SFR is accessed with FFOOH 
to FFFFH described as saddr or saddrp is shown after the 
symbol (/). 

Bytes and Clocks 

The number of bytes and clocks for instructions with a mem 
or &mem operand depends on the particular instruction 
and the memory addressing mode (register indirect, base, 
or indexed). Table 9 is applicable when the program in 
internal ROM is executed (ROM clock column of the In- 
struction Set table). Table 10 is applicable when the pro- 
gram in external ROM is executed (IRAM, SFR, and 
EMEM clock columns). 

Flags 

The symbols in the flag field have the following meanings. 

Blank No change 

Cleared to 

1 Set to 1 

X Set or cleared depending on the result 

R Value previously saved is restored 



Operation Codes 

Table 11 defines the symbols used in the operation code 
field. 

Registers and Register Pairs. The r, rl, and rp operands 
are specified in the opcode by one or more bits as shown in 
figure 29. For example, 001 as bits R2R1R0 (or R6R5R4) 
specifies register A. 

In the first and second operands are registers or register 
pairs; the higher 4 bits of the register specification byte 
define the first operand and the lower 4 bits define the sec- 
ond operand. For exampile, in the MOV A,L instruction 
(transfer L register contents to register A), the second byte 
of the opcode is obtained from figure 29 as shown below. 



Instruction 


Opcode, Bytes 1 and 2 


MOVr,r 
MOVA,L 


10 10 
R6R5R4 R2R1 Rq 

10 10 
1 110 



Memory Addressing Modes. The 3-bit mem code and the 
5- bit mod code are selected from figure 30 according to the 
description of mem in the operand field (table 7). 

A MOV instruction with register indirect mode specified for 
mem is a special 1-byte instruction. When base mode or 
indexed mode is specified for mem, the 8-bit or 16-bit 
offset data corresponding to byte and word, respectively, is 
added from the third byte onward. 

The opcode for an &mem or &mem1 operand is modified 
by inserting a 01 H code as the first byte preceding the first- 
byte code listed in the Instruction Set table. Subsequent 
bytes are as shown in the table. 

Figure 29. Opcodes for Registers (r, rl, rp) 



n 



rp 



R2 Ri 


Ro 






Re R5 


R4 










RO 


X 





1 


R1 


A 


1 





R2 


c 


1 


1 


R3 


B 


1 





R4 


E 


1 


1 


R5 


D 


1 1 





R6 


L 


1 1 


1 


R7 


H 



Ro 


reg 




1 


c 

B 



P1 Po 






P2 Pi 


reg-pair 


Pe P5 





RPO 


AX 


1 


RP1 


BC 


1 


RP2 


DE 


1 1 


RP3 


HL 
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Figure 30. Opcodes for Memory Addressing Modes 
(mem, mod) 

















N. Mod 

MemN^ 


1 0110 


0110 


1010 




Register 
Indirect Mode 


Base Mode 


Index Mode 





[DE+] 


[DE+byte] 


word [DE] 




1 


[HL+] 


[SP+byte] 


word [A] 






1 


[DE-] 


[HL+byte] 


word [HL] 






1 1 


[HL-] 




word[B] 






10 


[DE] 










1 1 


[HL] 


- 


- 
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Tabie 9. Bytes and Clocics for instructions Witti "mem " and "&mem " Operands; Internai ROM (iROM) 

Register Indirect Indexed 

Mode Base Mode Mode 



Clock 
Cycles 



MOV 



A, mem 



mem, A 



A, &mem 



ADD.ADDC, 
SUB.SUBC, 
AND, OR, 
XOR, CIVIP 



A, mem 



A, &mem 



[DE + ] 
[HL + ] 



6/8 



6/8 



8-11 



9-12 



8/10 



8/10 



10-13 



11-14 



10/12 



8/12 



9/12 



10-13 



12/14 



10/14 



11/14 



12-15 



word[A] 
word[B] 





Instruction 




[DE-] 
[HL-] 


[DE] 
[HL] 


[DE + byte] 
[HL-Hbyte] 


[SP-i-byte] 


word[DE] 
word[HL] 


Bytes 




mem 


1/2* 


1/2* 


3 


3 


4 




&mem 


2/3* 


2/3* 


4 


4 


5 



8-11 



10-13 





&mem,A 












XCH 


A, mem 


11-15 


9-13 


10-15 


11-16 


10-15 




A, &mem 


13-17 


11-15 


12-17 


13-18 


12-17 



9-12 



11-14 



When internal RAIVI is accessed with an instruction having a mem 
operand, the number of bytes is the number before the symbol (/). 



When the external memory (including the SFR area) is accessed, the 
number of bytes is the number after the symbol (/). 
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Table 10. Bytes and Clocks for Instructions With "mem " and "&mem " Operands; External ROM 
(IRANI, SFR, EMEM) 



Register Indirect 
Mode 



Base Mode 



[DE+] 
[HL + ] 



Clock 
Cycles 



MOV 



A, mem 



9/11 



6/8 



11/13 



12/14 



mem, A 



A, &mem 



12/14 



9/11 



14/16 



15/17 



ADD.ADDC, 
SUB.SUBC, 
AND, OR, 
XOR.CMP 



A, mem 



13/15 



11/13 



12/14 



13/15 



A, &mem 



16/18 



14/16 



15/17 



16/18 



Indexed 
Mode 



word[A] 
word[B] 





Instruction 




[DE-] 
[HL-] 


[DE] 
[HL] 


[DE + byte] 
[HL + byte] 


[SP + byte] 


word[DE] 
word[HL] 


Bytes 




mem 


2* 


2* 


3 


3 


4 




&mem 


3* 


3* 


4 


4 


5 



14/16 



17/19 





&mem,A 












XCH 


A, mem 


14/18 


12/16 


13/17 


14/18 


16/20 




A, &mem 


17/21 


15/19 


16/20 


17/21 


19/23 



15/17 



18/20 



When [DE], [HL], [DE+], [HL+], [DE-], or [HL-] is specified as the mem 
operand of a MOV instruction, the instruction is used as a dedicated 
1-byte type. When the operand is &mem, the instruction is 2-byte. 

Table 11. Opcode Symbols 



Symbol 


Meaning 


Bn 


Immediate data corresponding to bit 


Nn 


Immediate data corresponding to n 


Data 


8- bit immediate data corresponding to byte 


Low/High Byte 


16-bit immediate data corresponding to word 


Saddr-offset 


Lower 8-bit offset data of 16-bit address corresponding 
tosaddr 


Sfr-offset 


Lower 8-bit offset data of 16-bit address of special 
function register (sfr) 


Low/High Offset 


16- bit offset data corresponding to word in indexed 
addressing 


Low/High Addr 


16-bit immediate data corresponding to addr16 


jdisp 


Signed 2's complement data (8 bits) indicating relative 
address distance between first address of next 
instruction and branch destination address 


fa 


Lower 1 1 bits of immediate data corresponding to addrl 1 


ta 


Lower 5 bits of immediate data corresponding to 
(addr5xdis) 
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Instruction Set 




Operation 


Bytes 




Clocks 




Flags 
ZACCY 


0| 


pen 
E 


Btlon Code (Bits 7-0) 


Mhdmonic Operand 


IROM 


IRAM 


SFR 


EMEM 


)ytes B1 thru B5 


8-Blt Data Transfer 


MOV r,#byte 


r^byte 


2 


2 


6 








1 





11 1 R2 Ri Ro 
Data 


sadcir,#byte 


(saddr) ♦- byte 


3 


3/5 


9 


9 


12 










11 10 10 
Saddr-offset 






Data 


sfr,#byte 


sfr 4- byte 


3 


5 




9 


12 










10 10 11 
Sfr-offset 








Data 


r,r 


r ♦-r 


2 


2 


6 












10 10 

Re R5 R4 R2 Ri Ro 


A,r 


A4-r 


1 


2 


3 








1 


1 


1 R2 Ri Ro 


A,saddr 


A ♦- (saddr) 


2 


2/4 


6 


6 


9 










10 
Saddr-offset 


saddr,A 


(saddr) <- A 


2 


3/5 


6 


8 












10 10 
Saddr-offset 


saddr.saddr 


(saddr) ^ (saddr) 


3 


3-7 


9 














1 110 
Saddr-offset 






Saddr-offset 


A,sfr 


A ♦-sfr 


2 


4 




6 












1 
Sfr-offset 


sfr,A 


sfr ♦- A 


2 


5 




6 












1 10 
Sfr-offset 



A, mem 



A ^ (mem) 



1-4 6-12 6-14 8-16 8-16 



* 1 1 1 mem 







mod 



mem 



Low Offset 



High Offset 



A,&mem 



A <- (&mem) 



2-5 8-14 9-17 11-19 11-19 



1 
10 1 1 mem 



1 







mod 



mem 



Low Offset 



High Offset 



Note: 

* If [DE], [HLl, [DE+], [DE-], (HL+l or [HL-] is described as mem. these 
instructions are used as dedicated 1 -byte codes. If the register name is 
described as &mem, the instructions are used as dedicated 2-byte 
codes. 
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Instruction Set (cont) 




Cloclcs Fiags 


Operation Code (Bits 7-0) 


Mnemonic Operand Operation 


Bytes IROM IRAM SFR EMEM Z AC CY 


Bytes B1 thru B5 


a-Bit Data Transfer (cor^t) 



MOV mem.A 



(mem) <- A 



1-4 6-12 6-14 8-16 8-16 



10 1 mem 







mod 



1 mem 



Low Offset 



High Offset 



&mem,A 



(&mem) *- A 



2-5 8-14 9-17 11-19 11-19 



1 
10 1 mem 



1 







mod 



1 mem 



Low Offset 



High Offset 



A,!addr16 



A ♦- (!addr16) 



10 1 
1111 



Low Addr 



High Addr 



A,&!addr16 



A ^ (&laddr16) 



8/10 



19 



1 
10 1 



1111 



Low Addr 



High Addr 



!addr16,A 



(!addr16) ^ A 



6/8 14 



17 



10 1 
1111 1 



Low Addr 



High Addr 



&!addr16,A 



(&laddr16) ^ A 



8/10 



20 



1 

10 1 

1 1 1 1 1 

Low Addr 
High Addr 



PSW,#byte 



PSW i- byte 



9 9 9 XXX0010 1011 



1111 1110 





















Data 


PSW.A 


PSW ^ A 


2 


2 


6 


6 


6 


X 


X 


X 1 10 
1111 1110 



A,PSW 



A 4- PSW 



6 6 



1 

1 1 1 11 1 1 
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Instruction Set (cont) 






Clocks Flags operation Coda (Bits 7^) 




Bytes IROM 


IRAM SFR EMEM Z AC CY Bytes B1 thru B5 


8'Blt Data Transfer (cont) 


XCH A.r A 4-^ r 


1 4 


4 1 1 1 1 R2 Ri Rq 


r.r r ♦-♦ r 


2 3 


6 1 .1 1 1 

Re R5 R4 R2 Ri Ro 



A, mem 



A <— ♦• (mem) 



2-4 9-16 12-16 



16-20 







mod 



mem 10 



Low Offset 



High Offset 



A,&mem 



A 4-+ (&mem) 



saddrp,#word (saddrp) ^ word 



3-5 11-18 15-19 



19-23 



4 4/8 12 12 18 



1 







mod 



mem 10 



Low Offset 



High Offset 



A,saddr 


A ♦-* (saddr) 


2 


4/8 


6 










10 1 
Saddr-offset 


A,sfr 


A 4-> sfr 


3 


6/10 




13 










1 
10 1 
Sfr-offset 


saddr.saddr 


(saddr) 4-f (saddr) 


3 


6-14 




10 








11 10 1 
Saddr-offset 








Saddr-offset 


16-Bit Data Transfer 


MOVW rp,#word 


rp ^ word 


3 


3 


9 







1 


10 P2 Pi 
Low Byte 








High Byte 



110 



Saddr-offset 



Low Byte 



High Byte 



sfrp,#word sfrp ^ word 



12 



rp.rp 


rp^rp 


2 


4 


6 




10 10 
Pg P5 1 P2 Pi 


AX.saddrp 


AX 4- (saddrp) 


2 


6/10 


8 


12 


1 110 
Saddr-offset 


saddrp,AX 


(saddrp) ^ AX 


2 


5/9 


8 


12 


1 10 10 
Saddr-offset 



10 11 

Saddr-offset 

Low Byte 

High Byte 
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Instruction Set (cont) 




Operation 


Bytes 




Ciocl(s 




Flags 
ZACCY 


Operation Code (Bil 
Bytes B1 thru E 


ts 7-0) 


Mnemonic Operand 


iROM 


iRAM 


SFR 


EMEIM 


15 


16-Blt Data Transfer (cont) 


MOVW AX.sfrp 


AX ^ sfrp 


2 


10 




12 












1 
Sfr-offset 


1 


sfrp.AX 


sfrp ^ AX 


2 


9 




12 












1 
Sfr-offset 


1 1 


AX,mem1 


AX^ (mem1) 


2 


9-15 


12 


16 


16 






1 




1 




1 


1 



1 

1 Ro 


AX,&mem1 


AX^ (&mem1) 


3 


11-17 


15 


19 


19 







1 





1 






1 



1 



1 

1 

1 Ro 


mem 1, AX 


(meml)^ AX 


2 


8-14 


11 


15 


15 






1 




1 




1 


1 
1 


1 

1 Ro 


&mem1,AX 


(&mem1) ^ AX 


3 


10-16 


14 


18 


18 
















1 






1 




1 




1 


1 
1 


1 

1 Ro 


8-Bit Operation 


ADD A,#byte 


A,CY^ A + byte 


2 


2 


6 






XXX 


1 





1 


1 











Data 




saddr,#byte 


(saddr),CY ^ (saddr) + byte 


3 


3/7 


9 


11 




XXX 





1 


10 10 
Saddr-offset 











Data 





sfr,#byte 



sfr.CY ^ sfr + byte 



14 



xxxOOOO 0001 
110 10 



Sfr-offset 



Data 



r,r 


r.CY +- r + r 


2 


3 


7 




XXX 


1 





10 



















Re R5 R4 R2 Ri Ro 


A,saddr 


A.CY^A + (saddr) 


2 


3/5 


6 


7 


8 XXX 


J_ 





1 10 
Saddr-offset 


A,sfr 


A,CY*-A + sfr 


3 


7 




10 


XXX 


_0_ 
1 


_0_ 


1 
1 10 
Sfr-offset 


saddr.saddr 


(saddr),CY ♦- (saddr) + (saddr) 


3 


3-9 


9 


11 


XXX 


_0_ 


1 


11 10 
Saddr-offset 








Saddr-offset 
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Instruction Set (cont) 




Cloclcs Flags 


Operation Code (Bits 7-0) 


Mnemonic operand Operation 


Bytes IROM IRAM SFR EMEM ZACCY 


Bytes B1 thru B5 


8'Bit Operation (cont) 



ADD A.mem 



A,CY ^ A + (mem) 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 



Low Offset 



High Offset 



A,&mem 



A,CY 4- A + (&mem) 



3-5 10-15 14-18 16-aD 16-20 x x x 1 







mod 



mem 10 



Low Offset 



High Offset 



ADDC A,#byte A,CY ♦- A + byte + CY 



X X X 1 1 10 1 
Data 



saddr,#byte (saddr),CY ♦- (saddr) + byte 

-f-CY 



3/7 9 11 



X X X 1 1 10 1 
Saddr-offset 



Data 



sfr,#byte 



A,sfr 



A.mem 



A,&mem 



sfr.CY ♦- sfr + byte + CY 



14 



X X X 00000001 
1 1 10 1 



Sfr-offset 



Data 



r,r 


r,CY4-r + r + CY 


2 


3 


7 






X X X 1 1 10 1 




Re R5 R4 R2 Ri Rq 


A.saddr 


A.CY ^ A + (saddr) + CY 


2 


2/5 


6 


7 


8 


X X X 1 1 10 1 
Saddr-offset 



A.CY ♦- A + sfr + CY 



10 



xxxOOOO 0001 



10 1 10 1 
Sfr-offset 



saddr.saddr (saddr),CY ♦- (saddr) + (saddr) 

+ CY 



3 3-9 9 11 



XXX 0111 1001 
Saddr-offset 



Saddr-offset 



A,CY 4- A + (mem) + CY 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 1 



Low Offset 



High Offset 



A,CY ^ A + (&mem) + CY 



3-5 10-15 14-18 16-30 16-20 xxxOOOO 0001 



mod 

mem 10 



Low Offset 



High Offset 
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Instruction Set (cont) 




Operation 


Bytes 




^^^^^^ P'a98 Operation Code (Bits 7-0) 


Mnemonic Operand 


IROM 


IRAM SFR EMEM Z AC CY Bytes B1 thru B5 


8-Blt Operation (cont) 


SUB A,#byte 


A,CY 4- A-byte 


2 


2 


6 XXX10101010 

Data 


saddr,#byte 


(saddr),CY ^ (saddr) - (byte) 


3 


3/7 


9 11 X X X 1 1 10 10 

Saddr-offset 




Data 



sfr,#byte 



A.mem 



sfr.CY *- sfr-byte 



14 



xxxOOOO 0001 
110 10 10 



Sfr-offset 



Data 



r,r 


r.CY^ r-r 




2 


3 


7 




XXX 


1 





00 1010 





















Re R5 R4 R2 Ri Ro 


A,saddr 


A.CY ♦- A -(saddr) 




2 


3/5 


6 


7 


8 XXX 


1 





01 1010 








Saddr-offset 


A,sfr 


A,CY ♦- A-sfr 




3 


7 




10 


XXX 



1 






1 
1 10 10 
Sfr-offset 


saddr.saddr 


(saddr),CY ^ (saddr) - 


-(saddr) 


3 


3-9 


9 


11 


XXX 





1 


11 10 10 
Saddr-offset 








Saddr-offset 



A,CY ^ A-(&mem) 



2-4 8-13 11-15 13-17 13-17 X x x 



mod 



mem 10 10 



Low Offset 



High Offset 



A,&mem 



sfr,#byte 



A,CY^ A-(&mem) 



3-5 10-15 14-18 16-20 16-20 xxxOOOO 0001 







mod 



mem 10 10 



Low Offset 



High Offset 



SUBC 


A.#byte 


A,CY4- A-byte-CY 


2 


2 


6 




X X X 1 1 10 11 
Data 




saddr,#byte 


(saddr),CY 4- (saddr)- byte -CY 


3 


3/7 


9 


11 


X X X 1 1 10 11 
Saddr-offset 




Data 



sfr.CY ^ sfr-byte-CY 



4 9 



14 



xxxOOOO 0001 
110 10 11 



Sfr-offset 
Data 



6-165 



fjiPD7823x 



HEC 



Instruction Set (cont) 




Operation 


Bytes 




Clocks Flags 


Operation Code (Bits 7-0) 
Bytes B1 thru B5 


Mnomonic Opordnd 


(ROM 


IRAM SFR EMEM Z AC CY 


8-Bit Operation (cont) 


SUBC r,r 


r.CY^ r-r-CY 


2 


3 


7 XXX 


1 


10 11 







Re R5 R4 R2 Ri Ro 


A,saddr 


A,CY^A-(saddr)-CY 


2 


3/5 


6 7 8 X X X 


1 


001 1011 
Saddr-offset 


A,sfr 


A,CY4- A-sfr-CY 


3 


7 


10 XXX 




1 


1 
110 11 
Sfr-offset 


saddr.saddr 


(saddr),CY ^ (saddr) - (saddr) 
-CY 


3 


3-9 


9 11 XXX 





111 1011 
Saddr-offset 






Saddr-offset 



A, mem 



A,CY4- A-(mem)-CY 



2-4 8-13 11-15 13-17 13-17 x x x 



mod 



mem 10 11 



Low Offset 



High Offset 



A.&mem 



sfr,#byte 



A,CY<^A-(&mem)-CY 



3-5 10-15 14-18 16-20 16-20 xxxOOOO 0001 







mod 



mem 10 11 



Low Offset 



High Offset 



AND 


A,#byte 


A*-AAbyte 


2 


2 


6 




X 


10 10 110 
Data 




saddr,#byte 


(saddr) ^ (saddr) A byte 


3 


3/7 


9 


11 


X 


110 110 
Saddr-offset 




Data 



sfr 4-sfrAbyte 



4 9 



14 



1 
110 110 



Sfr-offset 



Data 



r,r 


r^ rAr 


2 


3 


7 




X 


1 



110 

Re R5 R4 R2 Ri Ro 


A,saddr 


A^AA(saddr) 


2 


3/5 


6 


7 


8 X 


1 


001 1100 

Saddr-offset 


A,sfr 


A^ AA(sfr) 


3 


7 




10 


X 




1 


1 
1 110 
Sfr-offset 


saddr.saddr 


(saddr) ^ (saddr)A (saddr) 


3 


3-9 


9 


11 


X 





111 1100 
Saddr-offset 






Saddr-offset 
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Instruction Set (cont) 




Cloclcs Fiags 


Operation Code (Bits 7-0) 


Mnemonic Operand Operation 


Bytes IROM IRAM SFR EMEiM Z AC CY 


Bytes B1 thru B5 


8-Blt Operation (cont) 



AND A.mem 



A ♦- A A (mem) 



2-4 8-13 11-15 13-17 13-17 x 







mod 



mem 110 



Low Offset 



High Offset 



A,&mem 



sfr,#byte 



A.mem 



A ♦- AA(&mem) 



3-5 10-15 14-18 1&-20 16-20 x 



sfr ^sfrVbyte 



4 9 



14 



A V AV(mem) 



2-4 8-13 11-15 13-17 13-17 x 



A,&mem A 4- A V (&mem) 



3-5 10-15 14-18 leao 16-20 x 



1 







mod 



mem 110 



Low Offset 



High Offset 



OR 


A,#byte 


A^ AVbyte 


2 


2 


6 




X 


10 10 1110 
Data 




saddr,#byte 


(saddr)^(saddr)Vbyte 


3 


3/7 


9 


11 


X 


110 1110 
Saddr-offset 




Data 



1 
110 1110 



Sfr-offset 



Data 



r,r 


r4- rVr 


2 


3 


7 




X 


1 





1110 



















Re R5 R4 R2 Ri Ro 


A,saddr 


A^AV(saddr) 


2 


3/5 


6 


7 


8 X 


1 





1 1110 
Saddr-offset 


A,sfr 


A^ AVsfr 


3 


7 




10 


X 



1 






1 
1 1110 
Sfr-offset 


saddr.saddr 


(saddr)*-(saddr)V(saddr) 


3 


3-9 


9 


11 


X 





1 


11 1110 
Saddr-offset 








Saddr-offset 







mod 



mem 1110 



Low Offset 



High Offset 



1 







mod 



mem 1110 



Low Offset 



High Offset 
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Instruction Set (cont) 




Operation 


Bytes 




Clocl(s Flags 


Operation Code (Bits 7-0) 


Mnemonic Operand 


iROM 


IRAM SFR EMEM ZACCY 


Bytes B1 tliru B5 


8-Bit Operation (cont) 


XOR A,#byte 


A ^ A-V-byte 


2 


2 


6 X 


10 10 110 1 




Data 


saddr,#byte 


(saddr) ^ {saddr)Vbyte 


3 


3/5 


9 11 X 


110 110 1 
Saddr-offset 




Data 



sfr,#byte 



A.mem 



sfr ^ sfrV-byte 



14 



A 4- A-V-(mem) 



2-4 8-13 11-15 13-17 13-17 x 



1 
110 110 1 



Sfr-offset 



Data 



r.r 


r^ r¥r 


2 


3 


7 




X 


1 





00 1101 







Re R5 R4 R2 Ri Ro 


A,saddr 


A^AV-(saddr) 


2 


3/5 


6 


7 


8 X 


1 





01 1101 








Saddr-offset 


A.sfr 


A ♦- A-V-(sfr) 


3 


7 




10 


X 




1 






1 
1110 1 








Sfr-offset 


saddr.saddr 


(saddr) ^ (saddr) ¥(saddr) 


3 


3-9 


9 


11 


X 





1 


11 110 1 
Saddr-offset 








Saddr-offset 







mod 



mem 110 1 



Low Offset 



High Offset 



A,&mem 



sfr,#byte 



A 4- A-V-(&mem) 



3-5 10-15 14-18 16-20 16-20 x 



1 







mod 



mem 110 1 



Low Offset 



High Offset 



CMP 


A,#byte 


A-byte 


2 


2 


6 




XXX 1010 1111 
Data 




saddr,#byte 


(saddr) -byte 


3 


3/5 


9 


11 


X X X 1 1 1111 
Saddr-offset 




Data 



sfr -byte 



4 7 



14 



xxxOOOO 0001 
110 1111 



Sfr-offset 
Data 
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Instruction Set (cont) 




Operation 


Bytes 




Clocl(s Flags 


0| 


peration Code (Bits 7-0) 


Mnemonic Operand 


IROM 


IRAIM SFR EMEM Z AC CY 


Bytes B1 thru B5 


8'Bit Operation (cont) 


CMP r.r 


r-r 


2 


3 


7 XXX 


1 


1111 







Re R5 R4 R2 Ri Ro 


A.saddr 


A-(saddr) 


2 


3/5 


6 7 8 X X X 


1 


1 1111 






Saddr-offset 


A,sfr 


A-sfr 


3 


7 


10 XXX 




1 


1 
1 1111 
Sfr-offset 


saddr.saddr 


(saddr)-(saddr) 


3 


3-7 


9 11 XXX 





111 1111 
Saddr-offset 






Saddr-offset 



A, mem 



A -(mem) 



2-4 8-13 11-15 13-17 13-17 x x x mod 



mem 1111 



Low Offset 



High Offset 



A,&mem 



A-(&mem) 



3-5 10-15 14-18 1&-2D 16-20 xxxOOOO 0001 



mod 

mem 1111 



Low Offset 



High Offset 



16'Bit Operation 


ADDW AX,#word 


AX.CY ^ AX + word 


3 


4 


9 




X 


X 


X 








10 110 1 
Low Byte 








High Byte 


AX,rp 


AX.CY 4- AX + rp 


2 


6 


8 




X 


X 


X 


1 








1 
1 P2 Pi 


AX,saddrp 


AX.CY ^ AX + (saddrp) 


2 


7/11 


9 


13 


X 


X 


X 








1 110 1 
Saddr-offset 


AX.sfrp 


AX.CY ^ AX 4- sfrp 


3 


13 




16 


X 


X 


X 










1 
1 110 1 
Sfr-offset 


SUBW AX,#word 


AX,CY^AX-word 


3 


4 


9 




X 


X 


X 








10 1110 
Low Byte 








High Byte 


AX.rp 


AX,CY+-AX-rp 


2 


6 


8 




X 


X 


X 


1 







10 10 
1 P2 Pi Po 


AX.saddrp 


AX,CY4-AX-(saddrp) 


2 


7/11 


9 


13 


X 


X 


X 








1 1110 
Saddr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Cloclcs 


Fiagj 


JY 


0| 


aer 
E 


ation Code (Bits 7-0) 


Mnemonic Operand 


IROM 


iRAM 


SFR 


EMEM ZACC 


lytes B1 thru B5 


IB-Bit Operation (cont) 


SUBW AX.sfrp 


AX,CY^AX-sfrp 


3 


13 




16 


X X 


X 










1 
1 1110 
Sfr-offset 


CMPW AX,#word 


AX -word 


3 


3 


9 




X X 


X 








10 1111 
Low Byte 








High Byte 


AX.rp 


AX-rp 


2 


5 


7 




X X 


X 


1 





1111 










1 P2P1 


AX.saddrp 


AX-(saddrp) 


2 


6/10 


8 


12 


X X 


X 








1 1111 








Saddr-offset 


AX,sfrp 


AX-sfrp 


3 


12 




15 


X X 


X 










1 
1 1111 
Sfr-offset 


Muttipllcatlonl Division 


MULU r 


AX^Axr 


2 


22 


24 
















10 1 
1 R2 Ri Rq 


DIVUW r 


AX(quotient),r (remainder) ^ 
AX^r 


2 


71 


76 
















10 1 
1 1 R2 Ri Rq 


incrementi Decrement 


INC r 


r<-r+1 


1 


2 


3 




X X 




1 


1 


R2 Ri Rq 


saddr 


(saddr) ^ (saddr) + 1 


2 


2/6 


6 


7 


X X 










10 110 
Saddr-offset 


DEC r 


r^r-1 


1 


2 


3 




X X 




1 


1 


1 R2 Ri Rq 


saddr 


(saddr) ♦- (saddr) -1 


2 


2/6 


6 


7 


X X 










10 111 
Saddr-offset 


INCW rp 


rp 4- rp + 1 


1 


3 


3 











1 


1 Pi Rq 


DECW rp 


rp^rp-1 


1 


3 


3 











1 


1 1 Pi Pq 


ShiHI Rotate 


ROR r,n 


(CY,r7+-ro.rni_i ♦- rj 
xn times, n =0-7 


2 


3+2n 


5+2n 






X 








1 


11 
N2 Ni No R2 Ri Ro 


ROL r,n 


(CY,ro^r7,rm4-i ^ r J 
xn times, n=0-7 


2 


3+2n 


5+2n 






X 








1 


11 1 
N2 Ni No R2 Ri Ro 
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Instruction Set (cont) 




Clocks Flags 


Operation Code (Bits 7-0) 


Mnemonic Operand Operation 


Bytes IROM IRAM SFR EMEM Z AC CY 


Bytes B1 thru B5 


Shift/ Rotate (cont) 



RORC 


r,n 


(CY^ro,r7*-CY,rm_i ^ r J 
xn times, n =0-7 


2 


3+2n 


5+2n 






X 








1 1 













N2N1 


No R2 Ri Ro 


ROLC 


r,n 


(CY^r7,ro*-CY,rm+i ^ r^) 
xn times, n= 0-7 


2 


3+2n 


5+2n 






X 








1 1 


1 










N2N1 


No R2 Ri Ro 


SHR 


r,n 


(CY4-ro,r7<HO,rm-i ^ rj 
xn times, n=0-7 


2 


3+2n 


5+2n 


X 





X 








1 1 







1 





N2N1 


No R2 Ri Ro 


SHL 


r,n 


(CY4-r7,ro^O,rm+i^rm) 
xn times, n=0-7 


2 


3+2n 


5+2n 


X 





X 








1 1 


1 




1 





N2N1 


No R2 Ri Ro 


SHRW 


rp.n 


(CY4-rpo,rpi5^0,rpm-i ♦- 
rpm)xn times, n=0-7 


2 


3+3n 


5+3n 


X 





X 








1 1 







1 


1 


N2N1 


No R2 Ri Ro 


SHLW 


rp,n 


(CY^rpi5,rpo<HO,rpm+i ♦- 


2 


3+3n 


5+3n 


X 





X 








1 1 


1 



rprTi)xn times, n=0-7 



1 1 N2 Ni No R2 Ri Ro 



ROR4 


mem1 


A3-0 ^ (mem1)3.o,(mem1)7.4 
^ A3.0, (mem1)3.o *- (mem1)7^ 


2 


24 


26 


34 


34 




1 
















1 


1 1 
1 Ri 




&mem1 


A3.0 ^ (&mem1)3^, {&mem1)7.4 

+-A3.o,(&mem1)3.o*- 

(&mem1)7.4 


3 


26 


29 


37 


37 

















1 





1 
















1 


1 1 
1 Ri 


R0L4 


mem1 


A3.0 ^ (mem1)7.4, (mem1)3.o 
^ A3.0, (mem1)7.4 ♦- (mem1)3^ 


2 


25 


27 


35 


35 

















1 1 




1 








1 


1 


1 Ri 




&mem1 


A3.0 *- (&mem1)7.4, (&mem1)3.o 
^A3.o,(&mem1)7.4^ 
{&mem 1)3.0 


3 


27 


30 


38 


38 

















1 






1 












1 




1 


1 1 
1 Ri 
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Instruction Set (cont) 




Operation 


Bytes 




Cloclcs 


Flag! 


s 


0| 


3en 
E 


ition Code (Bits 7-0) 


Mnemonic Operand 


IROM 


iRAM SFR 


EMEM ZAC( 


iytes BI thru B5 


BCD Adjustment 


ADJBA 


Decimal adjust accumulator after 
addition 


1 


3 


3 


X X 


X 








1110 


ADJBS 


Decimal adjust accumulator after 
addition 


-1 


3 


3 


X X 


X 








1111 


Bit Manipulation 


M0V1 CY.saddr.bit 


CY^(saddrbit) 


3 


5/7 


9 9 


11 


X 










10 
B2 Bi Bo 
Saddr-offset 


CY.sfr.bit 


CY i- sfr.bit 


3 


7 


9 




X 










10 
1 B2 Bi Bq 
Sfr-offset 


CY.A.blt 


CY 4- A.bit 


2 


5 


7 




X 










11 
1 B2 Bi Bo 


CY.X.bit 


CY ^ X.bit 


2 


5 


7 




X 










11 
B2 Bi Bo 
Sfr-offset 


CY.PSW.bit 


CY 4- PSW.bit 


2 


5 


7 




X 










10 
B2 Bi Bo 


saddr.blt.CY 


(saddrbit)4-CY 


3 


8/12 


12 14 


14 












10 
1 B2 Bi Bo 
Saddr-offset 


sfr.bit.CY 


sfr.bit 4- CY 


3 


12 


14 














10 
1 1 B2B1B0 
Sfr-offset 


A.bit,CY 


A.bit 4- CY 


2 


8 


10 














11 
1 1 B2 Bi Bo 


X.bit.CY 


X.bit 4- CY 


2 


8 


10 














11 
1 B2 Bi Bo 
Sfr-offset 


PSW.blt,CY 


PSW.bit ♦- CY 


2 


7 


9 


X X 












10 
1 B2 Bi Bo 


AND1 CY.saddr.bit 


CY4-CYA(saddr.bit) 


3 


5/7 


9 11 




X 










10 
10 B2 Bi Bo 
Saddr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Clocks 


Flags 


Operation Code 
Bytes B1 thi 


(Bits 7-0) 


Mnemonic Operand 


IROM 


IRAM SFR 


EMEM ZACCY 


'UB5 


Bit Manipulation (cont) 


AND1 CY/saddr.bit 


CY+-CYA(saddr.bit) 


3 


5/7 


9 11 


X 












1 




1 


1 




B2 Bi Bo 




















Sfr-offset 


CY.sfr.bit 


CY^CYAsfr.bit 


3 


7 


11 


X 












1 






1 
1 




B2 Bi Bq 




















Sfr-offset 


CY,/sfr.bit 


CY^CYAsfr.bit 


3 


7 


11 


X 












1 




1 


1 
1 



B2 Bi Bo 


CY.A.bit 


CY^CYAA.bit 


2 


5 


7 


X 












1 








1 


1 1 
B2 Bi Bo 


CY./A.bit 


CY^CYAA.bit 


2 


5 


7 


X 

















1 1 




















1 


1 


1 


B2 Bi Bo 


CY.X.bit 


CY^CYAX.bit 


2 


5 


7 


X 

















1 1 




















1 








B2 Bi Bo 


CY./X.bit 


CY^CYAX.bit 


2 


5 


7 


X 

















1 1 




















1 


1 





B2 Bi Bo 


CY.PSW.bit 


CY^CYAPSW.bit 


2 


5 


7 


X 

















1 










1 








B2 Bi Bo 


CY,/PSW.bit 


CY4-CYAPSW.bit 


2 


5 


7 


X 

















1 










1 


1 





B2 Bi Bo 


0R1 CY.saddr.bit 


CY<^-CYV(saddr.bit) 


3 


5/7 


9 11 


X 














1 










1 











B2 Bi Bo 


















Saddr-offset 


CY,/saddr.bit 


CY4-CYV(saddr.bit) 


3 


5/7 


9 11 


X 














1 




















1 





1 





B2 Bi Bo 




















Sfr-offset 


CY.sfr.bit 


CY^CYVsfr.bit) 


3 


7 


11 


X 








1 








1 


1 
1 



B2 Bi Bo 




















Sfr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Cloclcs 


Flags 


Of 


>erj 
E 


atic 
Jyte 


inC< 
»sB 


3de (Bits 7-0) 


Mnemonic Operand 


IROM 


IRAM SFR 


EMEM ZACCY 


1 thru B5 


Bit Manipulation (cont) 


0R1 CY/sfr.bit 


CY^CYV sfr.bit 


3 


7 


11 


X 















1 


10 
1 B2 Bi Bo 


CY,A.bit 


CY4-CYVA.bit 


2 


5 


7 


X 
















11 

1 B2 Bi Bo 


CY,/A.bit 


CY^CYVAM 


2 


5 


7 


X 














1 


11 

1 B2 Bi Bq 


CY.X.bit 


CY^CYVX.bit 


2 


5 


7 


X 
















11 
B2 Bi Bo 


CY,/X.bit 


CY^CYVX.bit 


2 


5 


7 


X 















1 


11 
B2 Bi Bo 


CY.PSW.bit 


CY<-CYVPSW.bit 


2 


5 


7 


X 

















10 

B2 B-| Bq 


CY,/PSW.bit 


CY^CYVPSW.bit 


2 


5 


7 


X 















1 


10 
B2 Bi Bo 


X0R1 CY.saddr.bit 


CY ^ CY^(saddr.bit) 


3 


5/7 


9 11 


X 











1 






10 
B2 Bi Bo 


















Saddr-offset 


CY.sfr.bit 


CY 4- CY¥-sfr.bit 


3 


7 


11 


X 










1 






10 
1 B2 Bi Bo 




















Sfr-ofset 


CY.A.bit 


CY 4- CYV-A.bit 


2 


5 


7 


X 










1 






11 

1 B2 Bi Bo 


CY,X.bit 


CY ♦- CYV-X.bit 


2 


5 


7 


X 














11 









1 





B2 Bi Bo 


CY.PSW.bit 


CY i- CY¥PSW.bit 


2 


5 


7 


X 











1 






10 
B2 Bi Bo 


SET1 saddr.bit 


(saddr.bit) <- 1 


2 


3/7 


6 




1 





1 


1 


B2 Bi Bo 


















Saddr-offset 


sfr.bit 


sfr.bit 4- 1 


3 


10 


14 






1 














10 
1 B2 Bi Bo 




















Sfr-offset 
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Instruction Set (cont) 




Operation 


Bytes 




Clocks 


Flag: 


B 


Operation C( 
Bytes B 


ode (Bits 7-0) 




IROM 


IRAM 


SFR 


EMEM ZAC( 


1 tliru B5 


Bit Manipulation (cont) 


SET1 A.bit 


A.bit 4- 1 


2 


6 


8 










1 














11 

1 B2 Bi Bo 


X.bit 


X.bit ^ 1 


2 


6 


a 










1 














11 
B2 Bi Bo 


PSW.bit 


PSW.bit 4- 1 


2 


5 




7 


X X 


X 




1 














10 
B2 Bi Bo 


CLR1 saddr.bit 


(saddr.bit) *- 


2 


6/10 


6 








1 





1 





B2 Bi Bo 






















Saddr-offset 


sfr.bit 


sfr.bit ^ 


3 


10 




14 








1 












1 


10 
1 B2 Bi Bo 
























Sfr-offset 


A.bit 


A.bit ♦- 


2 


6 


8 










1 











1 


11 

1 B2 Bi Bo 


X.bit 


X.bit ^ 


2 


6 


8 




















11 




1 








1 


B2 Bi Bo 


PSW.bit 


PSW.bit ^ 


2 


5 




7 


X X 


X 




1 












1 


10 
B2 Bi Bo 


N0T1 saddr.bit 


(saddr.bit) ^0 (saddr.bit) 


3 


6/10 


10 


14 












1 



1 




1 


10 
B2 Bi Bo 






















Saddr-offset 


sfr.bit 


sfr.bit i- sfr.bit 


3 


10 




14 












1 



1 




1 


10 
1 B2 Bi Bo 
























Sfr-offset 


A.blt 


A.bit *- A.bit 


2 


6 


8 














1 




1 



1 


11 

1 B2B1B0 


X.bit 


X.bit 4- X.bit 


2 


6 


8 














1 




1 




1 


11 
B2 Bi Bo 


PSW.bit 


PSW.bit 4r. PSW.bit 


2 


5 




7 


X X 


X 








1 




1 




1 


10 
B2 Bi Bo 


SET1 CY 


CY+-1 


1 


2 




3 




1 





1 








1 


CLR1 CY 


CY4-0 


1 


2 




3 










1 











N0T1 CY 


CY4-CY 


1 


2 




3 




X 





1 








10 
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Instruction Set (cont) 




Cioci(s Flags 


Operation Code (Bits 7-0) 


Mnemonic Operand Operation 


Bytes IROM iRAM SFR EMEM ZACGY 


Bytes BItiiruBS 


Call/Return 



CALL !addr16 



(SP-1)^(PC + 3)h, 
(SP-2)<h(PC + 3)l, 
PC4-!addr16,SP^SP-2 



10-15 17 



21 



10 10 
Low Addr 
HighAddr 



(SP-1)^(PC + 2)h. 
(SP-2) v(PC + 2)L,PCH♦- 
rpH, PCl ^ rpL, SP ^ SP-2 



12-17 15 



10 1 
1 1 1 P2 Pi 



CALLF laddrl 1 



(SP-1)^(PC + 2)h,(SP-2)^ 
(PC + 2)l,PCi5+ii 4-00001, 
PC10-0 ♦" !addr1 1 , SP 4- SP-2 



10-15 14 



18 



10 1 



CALLT [addr5] 



(SP-1)«-(PC + 1)h,(SP-2)^ 
(PC + 1)l, PCh ^ (00000000, 
addrS + 1), PQ. ^ (00000000, 
addr5),SP4-SP-2 



1 14-20 20 



24 



1114- ta -¥ 



BRK 



(SP-1)*-PSW,(SP-2)+- 
(PC + 1)h,(SP-3)4-(PC + 1)l, 
PCh «- (003FH), PCh <- 
(003FH),SP4-SP-3,IE4-0 



1 16-26 22 



28 



10 1 1110 



RET 


PCl4-(SP),PCh4-(SP + 1), 
SP4-SP + 2 


1 10-15 


11 


15 


1 


1 1 


1 


1 


RETI 


PCl4-(SP),PCh4-(SP+1), 
PSW 4- (SP + 2), SP ^ SP + 3, 
NMIS4-0 


1 12-20 


15 


21 


R R R 1 


1 1 


1 


1 1 


RETB 


PCl4-(SP),PCh4-(SP + 1), 
PSW 4- (SP + 2), SP 4- SP + 3 


1 12-20 


13 


19 


R R R 1 


1 1 


1 1 


1 1 


Stack Manipulation 



PSW 


(SP-1)4-PSW,SP4-SP^1 


1 


4-8 


5 


7 


10 .10 1 


sfr 


(SP-1)4-sfr,SP4-SP-1 


2 


7-9 


9 


12 


10 10 1 




Sfr-offset 



(SP-1)4-rpH(SP-2). 
rpL,SP+-SP-2 



1 8-13 



12 



11 1 1 Pi Pn 
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Instruction Set (cont) 




Operation 




ClOClCS Fiags Oparation Code (Blt« 7-0) 


Mnemonic Operand 


Bytes IROM 


IRAM SFR EMEM Z AC CY Bytes 81 thru 85 


Stack Manipulation (cont) 


POP PSW 


PSW 4- (SP), SP ^ SP + 1 


1 4-8 


6 8RRR0100 1000 


sfr 


sfr^(SP).SP4-SP + 1 


2 9-11 


9 12 10 11 

Sfr-offset 


rp 


rpL^(SP).rpH^(SP + 1). 
SP^SP+2 


1 10-15 


11 15 1 1 1 Pi Po 



MOVW SP.#word 



SP i- word 



12 



10 11 



1111 



110 



Low Byte 



High Byte 





SP,AX 


SP4-AX 


2 


9 


11 











1 





1 1 














1 


1 


1 


1 


1 


10 




AX.SP 


AX^SP 


2 


10 


12 











1 





1 














1 


1 


1 


1 


1 


1 


INCW 


SP 


SP ♦- SP + 1 


2 


5 


7 

















1 1 














1 


1 








1 





DECW 


SP 


SP^-SP-1 


2 


5 


7 

















1 1 














1 


1 








1 


1 
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Instruction Set (cont) 




Operand 


Operation 


Bytes 




Clocics 




Flags 
Z AC CY 


Operation Code 
Bytes B1 thr 


(Bits 7-0) 


Mnemonic 


intROM 


Branch NoBrancii 


uB5 


Unconditional Branch 


BR 


!addr16 


PC ♦- !addr16 


3 


5 


11 












1 

1 


110 
Low Addr 




rp 


PCh ♦" rpH. PCl ^ rpL 


2 


6 


10 












1 







1 


1 1 
P2P1 




$addr16 


PC<^$addr16 


2 


4 


9 















1 
jdisp 


1 


Conditional Branch 


BC 
BL 


$addr16 


PC4-$addr16ifCY = 1 


2 


2/4 


9 


6 




1 









jdisp 


1 1 


BNC 
BNL 


$addr16 


PC*-$addr16ifCY = 


2 


2/4 


9 


6 




1 









jdisp 


1 


BZ 
BE 


$addr16 


PC*-$addr16ifZ=1 


2 


2/4 


9 


6 




1 









jdisp 


1 


BNZ 
BNE 


$addr16 


PC<-$addr16ifZ = 


2 


2/4 


9 


6 




1 









jdisp 





BT 


saddr.bit,$addr16 


PC ^ $addr16if (saddr.bit) = 1 


3 


5-9 


12 


9 







1 


11 B2 Bi Bo 
Saddr-offset 










jdisp 





sfr.bit, $addr16 PC 4- $addr16 if sfr.bit = 1 



7/9 16 



13 



10 

10 11 1 B2 Bi Bo 

Sfr-offset 

jdisp 



A.bit.$addr16 


PC4-$addr16ifA.bit = 1 


3 


5/7 


12 


9 




1 








1 


11 

1 1 B2 Bi Bo 
jdisp 


X.bit,$addr16 


PC^$addr16ifX.bit = 1 


3 


5/7 


12 


9 




1 








1 


11 

1 B2 Bi Bo 
jdisp 


PSW.bit,$addr16 


PC*-$addr16ifPSW.bit=1 


3 


5/7 


12 


9 




1 








1 


10 

1 B2 Bi Bo 
jdisp 
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Instruction Set (cont) 




Cloclcs Flags 


Operation Code (Bits 7-0) 


Mnemonic Operand Operation 


Bytes IntROlM Branch No Branch ZACCY 


Bytes B1 thru B5 


Conditional Branch (cont) 



BF saddr.bit,$addr16 PC i- $addr16 if (saddr.bit) = 



4 5-9 15 



12 



sfr.bit,$addr16 PC ♦- $addr16 if sfr.bit = 



4 7/9 16 



13 



BTCLR saddr.bit,$addr16 PC 4- $addr16 if (saddr.bit) = 1 
then reset (saddr.bit) 



4 5-13 15 



12 



sfr.bit,$addr16 PC ^ $addr16 if sfr.bit = 1 
then reset sfr.bit 



4 7/13 18 



13 



10 

10 10 1 82 Bi Bo 

Saddr-offset 

jdisp 



10 

10 10 1 B2B1B0 

Sfr-offset 

jdisp 



A.bit,$addr16 


PC+-$addr16ifA.bit = 


3 


5/7 


12 


9 




1 








1 


11 
1 B2 Bi Bo 
jdisp 


X.bit,$addr16 


PC^$addr16ifX.bit = 


3 


5/7 


12 


9 



1 








1 


11 
B2 Bi Bo 
jdisp 


PSW.bit.$addr16 


PC^$addr16ifPSW.bit = 


3 


5/7 


12 


9 



1 








1 


10 
B2 Bi Bo 
jdisp 



10 

110 1 1 B2 Bi Bo 

Saddr-offset 



jdisp 



10 

110 1 1 B2 Bi Bo 

Sfr-offset 

jdisp 



A.bit,$addr16 


PC*-$addr16ifA.bit=1 
then reset A. bit 


3 


5/9 


12 


9 



1 




1 






11 

1 1 B2 Bi Bo 
jdisp 


X.bit,$addr16 


PC*-$addr16ifX.bit=1 
then reset X.bit 


3 


5/9 


12 


9 



1 




1 






11 

1 B2 Bi Bo 
jdisp 


PSW.bit,$addr16 


PC ^ $addr16 if PSW.bit = 1 
then reset PSW.bit 


3 


5/8 


12 


9 


X X X 

1 




1 






10 

1 B2 Bi Bo 
jdisp 
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Instruction Set (cont) 




Operation 




Ciocl(s Flags 


Operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes IntROM 


Branch No Branch ZACCY 


Bytes B1 thru B5 


Conditional Branch (cont) 


DBNZ rl.$addr16 


rl<-rl-1,thenPC*- 
$addr16ifrl*0 


2 3/5 


9 6 


11 1 Ro 
jdisp 


saclcir,$addr16 


(saddr)4-(saddr)-1,then 
PC4-$addr16if(saddr)*0 


3 4-10 


12 9 


11 10 11 
Saddr-offset 




jdisp 


CPU Control 



MOV STBC,#byte STBC ^ byte 4 10 15 00001001 



110 



Data 



Data 



SEL 


RBn 


RBS1-0 ♦- n, n = 0-3 


2 


2 


6 



10 10 


10 1 

1 Ni No 


NOP 




No Operation 


1 


2 


3 








El 




IE 4- 1 (Enable Interrupt) 


1 


2 


3 


10 


10 11 


Dl 




IE ^0 (Disable Interrupt) 


1 


2 


3 


10 


10 10 
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jiiPD78K3 Series: 

16-Bit, Advanced Microcomputers 

mPD7831xA/78P31xA 7-3 

16/8-Bit, Single-Chip CIVIOS IVIicrocomputers, 
Real-Time Control Oriented 

i»PD7832x 7-61 
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Microcomputers With A/D Converter 

MPD71P301 7-113 
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(Turbo Access Manager) 
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pPD7831xA/78P31xA 

16-/8-Bit, Single-Chip 

CIMOS l\/licrocomputers, 

Real-Time Control Oriented 



Description 

The /jPD7831xA family of microcomputers is designed 
for use in process control. They perform all the usual 
process control functions and are particularly well- 
suited for driving stepping motors and dc motors in 
servo loops. The processors include on-chip memory, 
timers, input/output registers, and a powerful interrupt 
handling facility. The jl/PD78310A/312A is constructed of 
high-speed CMOS circuitry and operates from a single 
+5-volt power supply 

The input frequency (maximum 12 MHz) is derived from 
an external crystal or an external oscillator. The internal 
processor clock is two-phase, and thus machine states 
are executed at a rate of 6 MHz. The shortest instruc- 
tions require three states, making the minimum time 
500 ns. The CPU contains a three-byte instruction 
prefetch queue, which allows a subsequent instruction 
to be fetched during execution of an instruction that 
does not reference memory. 

Program memory is 8K bytes of mask-programmable 
ROM (jL(PD78312A only), and data memory is 256 bytes 
of static RAM. The jl/PD78310A is the ROMIess version. 
/iPD78P312A is a prototyping chip for /JPD78312A. It has 
an on-chip 8K EPROM instead of a mask ROM. 

Features 

n Complete single-chip microcomputer 

— 16-bltALU 

— 8K ROM (iuPD78312A only) 

— 256 bytes RAM 

— 1-bit and 8-bit logic 

D Instruction prefetch queue 

° 16-blt unsigned multiply and divide 

D String instructions 

° Memory expansion 

— 8085A bus-compatible 
—Total 64K address space 

D Large I/O capacity: up to 32 I/O port lines 

n Extensive timer/counter system 
—Two 16-blt up/down counters 

— Quadrature counting 
—Two 16-bit timers 

— Free-running counter with two 16-bit capture 
registers 

— Pulse-width modulated outputs 
— Timebase counter 



° Four-channel 8-bit A/D converter 

° Two 4-bit real-time output ports 

° Two nonmaskable interrupts 

n Eight hardware priority interrupt levels 

° Macroservice facility for interrupts gives the effect 
of eight DMA channels 

° Bidirectional serial port 

— Either UART or interface mode 

— Dedicated baud rate generator 

° Watchdog timer 

° Refresh output for pseudostatic RAM 

° Programmable HALT and STOP modes 

a One-byte call instruction 

n On-chip clock generator 

a CMOS silicon gate technology 

° +5-volt power supply 

Ordering information 



Part Number 



Package 



ROM 



JUPD78310ACW 



64-pln plastic shrink DIP 



ROMIess 



A/PD78310AGF-3BE 



64-pin plastic QFP 



A/PD78310AGQ-36 



64-pln plastic QUIP 



/iPD78310AL 



68-pin plastic PLOC 



/iPD78312ACW-xxx 64-pin plastic shrink DIP Mask ROM 

/iPD78312AGF-xxx-3BE 64-pin plastic QFP 
/iPD78312AGQ-xxx-36 64-pln plastic QUIP 



/iPD78312AL-xxx 



68-pin plastic PLOC 



/iPD78P312ACW 



64-pin plastic shrink DIP OTP EPROM 



/iPD78P312AGF-3BE 64-pin plastic QFP 

/L/PD78P312AGQ-36 64-pin plastic QUIP 



//PD78P312AL 



68-pin plastic PLCO 



/iPD78P312ADW 



64-pin ceramic shrink 
DIP with window (350 mil) 



EPROM 



A/PD78P312AR 



64-pin ceramic QUIP 
with window 



Notes: xxx is the ROM code number. 
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Pin Configurations 

64'Pin Shrink DIP ami QUIP, Plastic and Ceramic 
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Pin Configurations (cont) 
64'Pin Ptastic QFP 
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Pin Configurations (cont) 

68-Pin PLCC (Plastic leaded Ciiip Carrier) 
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Pin Identification 



Symbol 


Function 


AN0-AN3 


A/D converter inputs 


ALE 


Address latch enable output 


EA/Vpp 


External access control input; programming 
voltage 


PO7-PO0 


I/O port 


PI7-PI0 


I/O port 1 


P2o/NMI 


Nonmaskable interrupt input 


P2rP23/ 
INTE0-INTE2 


Maskable interrupt inputs 


P24/TXD 


I/O port 2; serial transmit output 


P25/RXD 


I/O port 2; serial receive input 


P26/6CK 


I/O port 2; serial clock output 


P27/DT§ 


I/O port 2; clear to send input 


P3o/CIO 


Up/down counter input 


P3i/CTRL0 


Up/down counter control input 


P32/CI1 


Up/down counter 1 input 


P33/CTRLI 


Up/down counter 1 control input 


P34/PWMO 


I/O port 3; pulse width modulated output 


P35/PWMI 


I/O port 3; pulse width modulated output 1 


P36/CLR0/TO0 


I/O port 3; counter clear input; timer output 


P37/CLRI/TOI 


I/O port 3; counter 1 clear input; timer 1 output 


P47-P40/AD7-AD0 


I/O port 4; external address; data bus 


P57-P5o/Ai5-A8 


I/O port 5; high address byte output 


RD 


Read strobe output 


RESET/PROG 


External reset input; PROM programming mode 


RFSH 


Refresh output 


WR 


Write strobe output 


X1 


External crystal or external clock input 


X2 


External crystal 


AVref 


A/D reference voltage 


AVss 


Analog ground 


Vdd 


Power supply 


Vss 


Power return 



PIN FUNCTIONS 

AN0-AN3 (A/D Converter Inputs) 

AN0-AN3 are the four program selectable input channels 
for the A/D converter 

ALE (Address Latch Enable} 

ALE is the address latch enable. It Is to be used by 
external circuitry to latch the low-order 8 address bits 
during the first part of a read or write cycle. 



EA/Vpp 

On /nPD78312A, a low on EA enables use of external 
memory in place of on-chip ROM. The EA pin must be low 
on iaPD78310A. On the /nPD78P312A, this pin is used for 
programming voltage. In normal operation, it must be 
connected to Vdd- 

PO7-PO0 (Port 0) 

Port consists of 8 bits, Individually programmable for 
input/output or two 4-bit real-time (timer controlled) 
output ports. 

PI7-PI0 (Port 1) 

Port 1 consists of 8 bits, individually programmable for 
input/output. 

P2o/NMI (Port 2; Nonmaskable Interrupt) 

Port P2o is dedicated to NMI, the nonmaskable external 
interrupt request. 

P2rP23/INTE0-INTE2 (Port 2; Maskable 
Interrupts) 

Ports P2rP23 are dedicated to INTEO, INTE1, and 
INTE2, the maskable external interrupt requests. 

P24/TXD (Port 2; Serial Transmit) 

P24 is an I/O port bit or the transmitted serial data 
output. 

P25/RXD (Port 2; Serial Receive) 

P25 Is an I/O port bit or the received serial data input. 



P26/SCK (Port 2; Serial Clock) 

P26 is an I/O port bit or the serial shift clock output. 



P27/CTS (Port 2; Clear to Send) 

P27 is an I/O port bit or clear-to-send input (external 
serial transmission control) in the asynchronous com- 
munication mode. In the serial I/O interface mode, it 
becomes the serial receive clock I/O pin. 

P3o/CIO (Port 3; Counter 0) 

Port P3o is dedicated to CIO, the external count input for 
up/down counter 0. 

P3i/CTRL0 (Port 3; Counter Control) 

Port P3o is dedicated to CTRLO, the external control 
input for up/down counter 0. 
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P32/CI1 (Port 3; Counter 1) 

Port P32 is dedicated to CI1, tlie external count input for 
up/down counter 1. 

PSa/CTRLI (Port 3; Counter 1 Control) 

Port P33 is dedicated to CTRL1, tlie external control 
input for up/down counter 1. 

P34/PWMO (Port 3; Pulse Width 0) 

P34 is an I/O port bit or the pulse-width modulated output 
0. 

P35/PWMI (Port 3; Pulse Width 1) 

P35 is an I/O port bit or the pulse-width modulated output 
1. 

P36/CLR0/TO0 (Port 3; Counter Clear; Timer 0) 

P36 is an I/O port bit, or the clear input for up/down 
counter 0, or the timer flip-flop output. 

P37/CLRt/T01 (Port 3; Counter 1 Clear; Timer 1) 

P37 is an I/O port bit, or the clear input for up/down 
counter 1, or the timer 1 flip-flop output. 

P40-P47/AD0-AD7 (Port 4; External Address/Data 
Bus) 

Port 4 consists of 8 bits, programmable as a unit for input 
or output, or as the multiplexed address/data bus if 
external memory or external interface circuitry is used. 
The port is controlled by the memory mapping register. 
If the EA pin is low, port 4 is always an address/data bus. 

P5o-P57/A8-Ai5 (Port 5; High-Address Byte) 

Port 5 consists of 8 bits. Individually programmable for 
input or output, or the high-order address bits for exter- 
nal memory Under control of the memory mask register, 
bits P53-P5o are used for 4K memory expansion, bits 
P55-P5o for 16K memory expansion, or bits P57-P5o for 
56K memory expansion. If the EA pin is low, port 5 is 
always the high-order address bus. 



RD (Read Strobe) 

RD is the read strobe output. It is to be used by external 
memory (or data registers) to place data on the I/O bus 
during a read operation. 



RESET/PROG 

This pin is used for the external reset input. A low level 
sets all registers to their specified reset values. During 
programming of the juPD78P312A, this pin is used to 
place the device into PROM programming mode. 



RFSH (Refresh) 



RFSH is the refresh pulse output to be used for external 
pseudostatic DRAM. 

WR (Write Strobe) 

WR is the write strobe output. It is to be used by external 
memory (or data registers) to latch data from the I/O bus 
during a write operation. 

X1, X2 (External Crystal or Clock Input) 

X1 and X2 are the external oscillator inputs or the 
connections for an external crystal. If an external clock 
is used, It is connected to X1 and its Inverse is connected 
to X2. The system clock frequency is half the input 
frequency. 

AVref (A/D Reference Voltage) 

AVref is the reference voltage input for the A/D con- 
verter. 

AVss (Analog Ground) 

AVss is the analog ground pin. 

Vdd (Power Supply) 

Vdd is the positive power supply input. 

Vss (Power Return) 

Vss is the power supply return, normally ground. 
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Block Diagram 



P00-03 ' 



PO4-07 . 



P2o/NMI - 
P2i/INTE0 - 
P22/INTE1 - 
P23/INTE2 - 



P24/TXD - 
P25/RXD - 
P26/SCK - 
P27/CTS - 
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P3i/CTRL0 - 

P32/CI1 - 

P33/CTRLI - 
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P2i/INTE0 - 
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P40-P47/AD0-AD7 



P36/CLR0/TO0 P37/CLRI/TOI 






FUNCTIONAL DESCRIPTION 

On-chip features designed to facilitate process control 
include two 16-bit timers, quadrature counting, two 16- 
bit up/down counters, two pulse-width modulated out- 
puts, a free-running counter with two capture registers, 
two 4-bit real-time (timer-controlled) output ports, an 
'8-bit A/D converter with four input channels, a timebase 
counter to generate widely spaced interrupts, and a 
watchdog timer to guard against infinite program loops. 

In addition, a serial I/O port can be used in either an 
interface mode or an asynchronous communication 
mode. HALT and STOP modes are provided to conserve 
power at times when CPU action is not required. 



All I/O, timer, and control registers are defined as special 
function registers and assigned addresses in the top 256 
bytes of memory. The special function registers may be 
operated on directly by many of the arithmetic, logic, 
and move instructions of the CPU. Table 1 describes the 
registers. 

Addressing 

The iaPD783101xA features 1-byte addressing of the spe- 
cial function registers and 1-byte addressing of the 
Internal RAM. There are nine modes of addressing main 
memory, including auto increment, autodecrement, in- 
dexing, and double indexing. There are 8- and 16-bit 
immediate operands. 
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Figure 1. 
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External Memory 

External memory (figure 1 ) is supported by I/O port 4, an 
8-blt multiplexed address/data bus. The memory map- 
ping register controls the size of external memory as 
well as the number of additional wait states. High-order 
address bits are taken from I/O port 5 as required. No bits 
are required for 256 bytes of external memory; bits 
P53-P5o are used for 4K bytes, P55-P5o for 16K bytes, and 
P57-P5o for 56K bytes. Any remaining port 5 bits are 
available for I/O. 

Refresh 

The itiPD7831xA has a refresh signal for use with the 
pseudostatic RAM. The refresh cycle can be set to one of 
four intervals ranging from 2.67 to 21.3 fxs. The refresh is 
timed to follow a read or write operation so that there is 
no interference. 



Figure 2. 


Register Designation 
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General Registers 

The CPU has sixteen 8-bit registers (figure 2) that can 
also be used in pairs to function as 16-bit registers. A 
complete set of 16 general registers is mapped into each 
of 8 program-selectable register banks stored in RAM. 
Three bits in the PSW specify which of the register banks 
is active at any given time. Each register bank has two 
program-selectable accumulators. 

The general registers of the iDiPD7831xA have both abso- 
lute and functinal names. /\X Is the functional name for 
the accumulator. Setting the RSS bit in the PSW to 1 
transfers the AX and BC registers from their normal RPO 
and RP1 positions to RP2 and RP3 as shown in figure 2. 
This adds considerable programming flexibility 
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Program Status Word 

Following is the program status word format. 






RB2 


RBi 


RBo 








IE 





15 














8 


S 


Z 


RSS 


AC 


UF 


P/V 


SUB 


CY 



RB2-RB0 Active register bank number 

IE Interrupt enable 

S Sign (1 if last result was negative) 

Z Zero (1 if last result was zero) 

RSS Register set select 

AC Auxiliary carry (carry out of 3rd bit) 

UF User flag 

PA^ Parity or arithmetic overflow 

SUB Subtract (1 if last operation was 

subtract) 

CY Carry 

Input/Output 

All ports may be used for either latched output or high- 
impedance input. All ports except port 4 are bit- 
programmable for input or output. Port is used for 
real-time or normal I/O. Port 1 is used for normal I/O. The 
low nibble of ports 2 and 3 is always used for control and 
the high nibble for control or normal I/O. Port 4 is used 
for the external address/data bus or byte-programmable 
I/O. Port 5 is used for the high bits of the external 
address or for normal I/O. 

Real-Time Output Port 

The real-time output port shares pins with I/O port 0. The 
high and low nibbles are treated separately or together. 
Data is transferred from a buffer to the port latches on 
either a timer or software command. 

Serial Port 

The serial port can operate in UART or interface mode 
with the baud rate and byte format under program 
control. The serial port also includes a dedicated baud 
rate generator. 

Pulse-Width Modulated Outputs 

The two independent pulse-width modulated outputs are 
controlled by two 16-bit modulus registers and counters. 
There are four programmable repetition rates ranging 
from 91.6 Hz to 23.4 MHz. Figure 3 shows one of these 
outputs. 



Timers 

The iaPD7831xA has two 16-bit timers. The inputs to 
these timers may be the internal clock divided by 6 or by 
128. Each timer has an associated modulus register to 
store the timer count. The timer counts down to zero, 
sets a flag, reloads from the modulus register, and then 
counts down again. The timer flags can be used under 
program control to generate interrupt requests and/or a 
square-wave output. TMO also functions optionally as 
two one-shot timers. 

Figure 4 is a diagram of the interval timers. 

There Is a free-running counter that counts the internal 
clock divided by 4 or by 16. The counter has two 16-bit 
capture registers. Capture is triggered by an external 
interrupt request or by the up/down counter clock. 

The timebase counter generates a signal at one of four 
intervals ranging from 170 jus to 175 ms. The signal can 
be used to generate an interrupt request and/or an 
up/down counter capture. 

Figure 3- Pufoe-Widih Modulated Output 
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Figure 4, Timer Block Dis^ram 
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Up/Down Counters 

The/iPD7831xA has two 16-bit up/down counters, each 
of which has two capture/compare registers. There are 
three modes of operation: compare and interrupt, cap- 
ture on external command, and capture on timebase 
counter command. There are five sources of counts: the 
internal clock divided by 3, the external clock, external 
independent up and down Inputs, external clock with 
direction control, and external clock with automatic 
up/down discrimination. Figure 5 shows an up/down 
counter. 
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Figure 5. Up/Down Counter Block Diagram 
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Quadrature Counting 

The two up/down counters, UDCO and UDC1, have an 
optional quadrature counting mode, which is activated 
by specifying mode 4 in the counter unit input mode 
register, CUII\/I. It Is designed to count the output of a 
two-phase pulsed optical shaft angle encoder. The 
input for phase A is the CIO (or CM) pin, and the input 
for phase B is the CTRLO (or CTRL1) pin. The counter 
UDCO (or UDC1) is incremented or decremented at both 
positive and negative transitions of both input signals. 
Whether it is incremented or decremented is dependent 
upon the relative phase of the two signals as illustrated 
in figure 6. 



7-13 



fiPD7831xA/78P31xA 



NEC 



Figure 6L Counter Operation (Hiode 4) 
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Standby Modes 

HALT and STOP modes conserve power when CPU 
action is not required. In HALT mode, tlie CPU stops and 
the clock continues to run. Maskable interrupts can 
restart the CPU. 

In STOP mode, the CPU and clock are both stopped. A 
RESET pulse or the nonmaskable external interrupt is 
required to restart them. There Is also the option of 
slowing the system clock by a factor of four. The standby 
control register controls the standby modes and is a 
protected location written to only by a special instruc- 
tion. 

Watchdog Timer 

The watchdog timer protects against inadvertent pro- 
gram loops. A nonmaskable interrupt occurs if the timer 
is not reset before a timeout occurs. There are four 
program-selectable Intervals ranging from 5.5 to 349.3 
ms. The watchdog timer can be disabled by software. 
The watchdog timer mode register controls the watch- 
dog timer and is a protected location written to only by a 
special instruction. 

A/D Converter 

The A/D converter has four input channels and can 
operate in either scan or select mode. The A/D converter 
performs 8-bit successive approximation conversions, 
has a 30-/AS conversion time, and is triggered either 
internally or externally The A/D converter includes an 
on-chip sample and hold amplifier. 

Interrupts 

There are two nonmaskable interrupt sources: the exter- 
nal nonmaskable interrupt and the watchdog timer Their 
relative priorities are software selectable. 



There are eight hardware priority interrupt levels, level 
having the highest priority and level 7 the lowest. The 15 
maskable interrupt sources (table 2) are divided into five 
groups, and each group can, under program control, be 
assigned to any one of the priority levels. 

Interrupts may be serviced by routines entered either by 
vectoring or by context switching. Context switching 
automatically saves all the general registers, the pro- 
gram status word, and the program counter. Figure 7 
illustrates the mechanism of context switching. 

Finally an optional macroservice function transfers data 
between any one special function register and memory 
without program intervention. 

Macroservice 

The macroservice controller can be programmed to 
perform word or byte transfers. It can transfer data from 
a special function register to memory or from memory to 
a special function register Transfer events are triggered 
by interrupt requests and take place without software 
intervention. 

There are eight macroservice channels; channel control 
information is stored in RAM. This information (figure 8) 
consists of a 16-blt memory address (optionally incre- 
mented at each transfer), and 8-blt special function 
register designator, and an 8-bit transfer counter (dec- 
remented at each transfer). When the count equals 0, a 
context switch or vectored interrupt occurs. 
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Figure 7. Hanhtare Context Switching 





Current Active 
Register Bank 










New Active 
Register Bank 






AX 




AX 




BC 


BC 


RP2 






PC 
Save Area 












RP3 




Save^ 


PSW 
Save Area 






VP 


VP 


UP 


UP 


DE 


DE 


HL 


HL 
















Program 
Counter 












Load 




Program 
Status Word 




















49-0 


D1307A 



Figure & 


Macroservice Pointer Addresses 


15 87 C 


) Chan 

FEEOH "\ 

V4 
FEE2H J 

FEE6H J 
FEE8H ^ 

feeahJ 

FEECH*^ 

FEEEH J 

FEFOH ^ 

FEF2H J 

FEF4H *> 

S-l 
FEF6H J 

FEF8H ^ 

^2 
FEFAH J 

FEFEH J 

gister 

83-003825A 




IVISP4 


Register 
Bank1 


FEE3H 
FEE7H 
FEEBH 
FEEFH 


SFRP4 


IV1SC4 


l\/ISP5 


SFRP5 


MSC5 


IVISP6 


SFRP6 


IVISC6 


IVISP7 


SFRP7 


IWISC7 




IVISPO 


Register 
BankO 


FEF3H 
FEF7H 
FEFBH 
FEFFH 


SFRPO 


IVISCO 


MSP1 


SFRP1 


IVISC1 


IVISP2 


SFRP2 


IViSC2 


IVISP3 


SFRP3 


IWISC3 


Note: 

[1] The macroservice pointers share storage with re 

banks and 1. 
[2] MSP = l\/lemory address pointer 

SFRP = Special function register pointer 

IVISC = Transfer counter 



Table 1, 


Special Function Registers 












Address 


Function 


Mnemonic 


Read/Write 


16-Bit Transfer 


Reset State 


FFOOH 


I/O port 


PO 




R/W 


No 


Undefined 


FF01H 


I/O port 1 


PI 




R/W 


No 


Undefined 


FF02H 


I/O port 2 


P2 




R/W (Note 1) 


No 


Undefined 


FF03H 


I/O port 3 


P3 




R/W (Note 1) 


No 


Undefined 


FF04H 


I/O port 4 


P4 




R/W 


No 


Undefined 


FF05H 


I/O port 5 


P5 




R/W 


No 


Undefined 


FF08H 
FF09H 


Capture/compare register 00 


CROOL 
CROOH 


CROO 


R/W 


Yes 


Undefined 


FFOAH 
FF08H 


Capture/compare register 01 


CR01L 
CR01H 


CR01 


R/W 


Yes 


Undefined 


FFOCH 
FFODH 


Capture/compare register 10 


CR10L 
CR10H 


CR10 


R/W 


Yes 


Undefined 


FFOEH 
FFOFH 


Capture/compare register 11 


CR11L 
CR11H 


CR11 


R/W 


Yes 


Undefined 


FF10H 
F11H 


Capture register (from FRC) 


CPTOL 
CPTOH 


CPTO 


R/W 


Yes 


Undefined 


FF12H 
FF13H 


Capture register 1 (from FRC) 


CPT1L 
CPT1H 


CPT1 


R/W 


Yes 


Undefined 
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Table 1. 


Special Function Registers (cont) 








Address 


Function 


Mnemonic 


Read/W^ite 


16-Bit Transfer 


Reset State 


FF14H 
FF15H 


PWM register (duration) 


PWIVIOL PWMO 
PWMOH 


R/W 


Yes 


Undefined 


FF16H 
FF17H 


PWM register 1 (duration) 


PWIVI1L PWM1 
PWM1H 


R/W 


Yes 


Undefined 


FF1CH 
FF1DH 


Presettable up/down counter 


UDCOL UDCO 
UDCOH 


R/W 


Yes 


Undefined 


FF1EH 
FF1FH 


Presettable up/down counter 1 


UDC1L UDC1 
UDC1H 


R/W 


Yes 


Undefined 


FF20H 


Port mode register 


PMO 


R/W 


No 


FFH 


FF21H 


Port 1 mode register 


PM1 


R/W 


No 


FFH 


FF22H 


Port 2 mode register 


PM2 


R/W (Note 1) 


No 


FFH 


FF23H 


Port 3 mode register 


PM3 


R/W (Note 1) 


No 


FFH 


FF25H 


Port 5 mode register 


PM5 


R/W 


No 


FFH 


FF32H 


Port 2 mode control register 


PMC2 


R/W 


No 


OFH 


FF33H 


Port 3 mode control register 


PMC3 


R/W 


No 


OFH 


FF38H 


Real-time output port control 
register 


RTPC 


R/W 


No 


08H 


FF3AH 
FF3BH 


Port buffer register (Note 2) 


POL POH 


R/W 


No 


Undefined 


FF40H 


Memory expansion mode 
register 


MM 


R/W 


No 


30H 


FF41H 


Refresh mode register 


RFM 


R/W 


No 


10H 


FF42H 


Watchdog timer mode register 


WDM 


R^V 


No 


OOH 


FF44H 


Standby control register 


STBC 


R/W 


No 


2nH 
(Note 3) 


FF46H 


Timebase mode register 


TBM 


R/W 


No 


OOH 


FF48H 


External interrupt mode 
register 


INTM 


R/W 


No 


OOH 


FF4AH 


in-service priority register 


ISPR 


R 


No 


OOH 


FF4EH 


CPU control word 


CCW 


R/W 


No 


OOH 


FF50H 


Serial communication mode 
register 


SCM 


R/W 


No 


OOH 


FF52H 


Serial communication control 
register 


sec 


R/W 


No 


OOH 


FF53H 


Baud rate generator 


BRG 


R/W 


No 


OOH 


FF56H 


Serial communication receive 
buffer 


RXB 


R 


No 


Undefined 


FF57H 


Serial communication transmit 
buffer 


TXB 


W 


No 


Undefined 


FF60H 


Free-running counter control 
register 


FRCC 


R/W 


No 


OOH 
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Tabie 1. 


Special Function Registers (cont) 








Address 


Function 


Mnemonic 


Read/VWite 


16-Bit Transfer 


Reset State 


FF64H 


Capture mode register 


CPTM 


R/W 


No 


OOH 


FF66H 


PWM mode register 


PWMM 


R/W 


No 


OOH 


FF68H 


A/D converter mode register 


ADM 


R/W 


No 


OOH 


FF6AH 


A/D converter result register 


ADCR 


R 


No 


Undefined 


FF70H 


Count unit input mode 
register 


CUIM 


R/W 


No 


OOH 


FF72H 


Up/down counter control 
register 


UDCCO 


R/W 


No 


OOH 


FF74H 


Capture/compare control 
register 


CRC 


R/W 


No 


OOH 


FF7AH 


Up/down counter control 
register 1 


UDCC1 


R/W 


No 


OOH 


FF80H 


Timer control register 


TMCO 


R/W 


No 


OOH 


FF82H 


Timer 1 control register 


TMC1 


R/W 


No 


OOH 


FF88H 
FF89H 


Timer 


TMOL TMO 
TMOH 


R/W 


Yes 


Undefined 


FF8AH 
FF8BH 


Modulus/timer register 


MDOL MDO 
MDOH 


R/W 


Yes 


Undefined 


FF8CH 
FF8DH 


Timer 1 


TM1L TM1 
TM1H 


R/W 


Yes 


Undefined 


FF8EH 
FF8FH 


Modulus register 1 


MD1L MD1 
TM1H 


R/W 


Yes 


Undefined 


FFBOHto 
FFBFH 


External area (Note 4) 










FFCOH 


CRFOO interrupt control 
Up/down counter 


CRICOO 


R/W 


No 


47H 


FFC1H 


CRFOO macroservice control 
Up/down counter 


CRMSOO 


R/W 


No 


Undefined 


FFC2H 


CRF01 Interrupt control 
Up/down counter 


CRIC01 


R/W 


No 


47H 


FFC4H 


CRF10 Interrupt control 
Up/down counter 1 


CRIC10 


R/W 


No 


47H 


FFC5H 


CRF10 macroservice control 
Up/down counter 1 


CRMS10 


R/W 


No 


Undefined 


FFC6H 


CRF11 interrupt control 
Up/down counter 1 


CRIC11 


R/W 


No 


47H 


FFC8H 


EXIFO interrupt control 
External interrupt INTEO 


EXICO 


R/W 


No 


47H 


FFC9H 


EXIFO macroservice control 
External interrupt INTEO 


EXMSO 


R/W 


No 


Undefined 


FFCAH 


EXIF1 interrupt control 
External Interrupt INTE1 


EXIC1 


R/W 


No 


47H 


FFCBH 


EXIF1 macroservice control 
External interrupt INTE1 


EXMS1 


R/W 


No 


Undefined 


FFCCH 


EXIF2 interrupt control 
External interrupt INTE2 


EXIC2 


R/W 


No 


47H 
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Table /. 


Special Function Registers (cont) 








Address 


Function 


Mnemonic 


Read/VM-ite 


16-Bit Transfer 


Reset State 


FFCDH 


EXIF2 macroservice control 
External Interrupt INTE2 


EXMS2 


R/W 


No 


Undefined 


FFCEH 


TMFO Interrupt control 
Timer flag 


TMICO 


R/W 


No 


47H 


FFCFH 


TMFO macroservice control 
Timer flag 


TMMSO 


R/W 


No 


Undefined 


FFDOH 


TMF1 Interrupt control 
Timer flag 


TMIC1 


R/W 


No 


47H 


FFD1H 


TMF1 macroservice control 
Timer flag 


TMMS1 


R/W 


No 


Undefined 


FFD2H 


TMF2 Interrupt control 
Timer flag 


TMIC2 


R/W 


No 


47H 


FFD3H 


TMF2 macroservice control 
Timer flag 


TMMS2 


R/W 


No 


Undefined 


FFDAH 


Receive error Interrupt control 
Serial port 


SBC 


R/W 


No 


47H 


FFDCH 


Receive Interrupt control 
Serial port 


SRIC 


R/W 


No 


47H 


FFDDH 


Receive macroservice control 
Serial port 


SRMS 


R/W 


No 


Undefined 


FFDEH 


Transmit Interrupt control 
Serial port 


STIC 


R/W 


No 


47H 


FFDFH 


Transmit macroservice control 
Serial port 


STMS 


R/W 


No 


Undefined 


FFEOH 


A/D converter Interrupt control 


ADIC 


R/W 


No 


47H 


FFE1H 


A/D converter macroservice 
control 


ADMS 


R/W 


No 


Undefined 


FFE2H 


TImebase counter Interrupt 
control 


TBIC 


R/W 


No 


47H 



Notes: 

(1) Bits 0-3 of port 2 and of port 3 are read-only. 

(2) POH and POL are 4-bit buffer registers used to store data to be 
loaded Into the high and low nibbles of the real-time output (PO). 
The high order 4 bits of POH and the low order 4 bits of POL are 
used. 



(3) Bit 3 of the STBC is not affected by RESET (n « or 8). 

(4) External registers Interfaced with these addresses can be ac- 
cessed by special function register addressing. 
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Table 2. interrupt Sources and Wctor Addresses 



Default Priority 



Mnemonic 



Interrupt Source 



Macroservlce 



Vector 



Software 



BRK 



Break instruction 



No 



003EH 



Nonmaskable Interrupts 





NMI 


External nonmaskable interrupt 


No 


0002H 


- 


WDT 


Watchdog timer 


No 


OOOAH 





CRFOO 


Up/down counter 


Yes 


001AH 


1 


CRF01 


Up/down counter 


No 


001 CH 


2 


CRF10 


Up/down counter 1 


Yes 


001 EH 


3 


CRF11 


Up/down counter 1 


No 


0020H 


4 


EXIFO 


External Interrupt 


Yes 


0004H 


5 


EXIF1 


External interrupt 1 


Yes 


0006H 


6 


EXIF2 


External Interrupt 2 


Yes 


0008H 


7 


TMFO 


Timer flag 


Yes 


OOOEH 


8 


TMF1 


Timer flag 1 


Yes 


0010H 


9 


TIVIF2 


Timer flag 2 


Yes 


0012H 


10 


SEF 


Serial port error 


No 


0022H 


11 


SRF 


Serial port receive buffer 


Yes 


0024H 


12 


STF 


Serial port transmit buffer 


Yes 


0026H 


13 


ADF 


A/D converter done flag 


Yes 


0028H 



Maskable interrupts 



14 



TBF 



Timebase counter flag 



No 



OOOCH 



Reset 



RESET 



External reset line 



OOOOH 



ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings 

Ta +25*'C 



Power supply voltage Vpo 


-0.5 to +7.0 V 


Reference voltage, AVref 


-0.5VtoVDD +0.3 V 


Power supply return, AVss 


-0.5 to +0.5 V 


Input voltage, V^ 

(except RESET of ^PD78P312A) 


-0.5 to +Vdd + 0.5 


Input voltage, V|2 

(RESET of ^PD78P312A only) 


-0.5 to +13.5 V 


Output voltage, Vq 


-O.StoVoD +0.5V 


Output current, low; Iql (single pin) 


4 mA 


Output current, low; IqU ioXal 
all output pins (iiiPD78312/310A) 


100 mA 


Output current, low; Iql; fotal, 
ail output pins (jaPD78P312A) 


60 mA 


Output current, high; Iqh (single pin) 


-1 mA 


Output current, high; Iqh; fotal, 
all output pins (jaPD78312/310A) 


-25 mA 



Output current, high; Iqh; total, 
all output pins (|iiPD78P312A) 


-15 mA 


Operating temperature, Tqpt 


-10 to +70 °C 


Storage temperature, Tstg 


-65to+150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

Operating Frequency 



Oscillator Frequency fyx 


Ta 




Vdd 


4 MHz s fxx ^ 12 MHz 


-10 to +70°C 


+ 5.0 V 10% 


Capacitance 

Ta= +25°C;Vdd = Vss = OV 


Parameter Symbol 


Max 


Unit 


Conditions 


Input capacitance C| 


10 


PF 


f = 1 MHz; 


Output capacitance Cq 


20 


PF 


unmeasured 
pins returned 


I/O capacitance C|o 


20 


pF 


toOV. 
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DC Characteristics 

Ta = -10 to +70*'C; Vdd = +5.0 V ±5%; 


Vss = OV 














Parameter 


Symbol 


MIn 




Typ 


Max 




Unit 


Conditions 


Input low voltage 


V,L1 











0.8 




V 


Except EA on ittPD78310A/312A 




V|L2 











0.5 




V 


EA on (|uPD78310A/312A only) 


Input high voltage 


V|H1 




2.2 






Vdd 




V 


Except P2o/NMI, XI, X2, RE§ET 




V|H2 




3.8 






Vdd 




V 


P2o/NMI XI, X2, RESET 


Output low voltage 


Vol 










0.45 




V 


Iql = 2.0 mA 


Output high voltage 


VOH 




Vdd-1 










V 


Iqh = -1 mA 


Input current 


L| 










±10 




M 


P2o/NiVII, RESET V, = 0.45 V to Vqd 


Input leakage current 


Ili 










±10 




luA 




Input/output leakage current 


Ilo 










±10 




mA 




AVref current 


AIref 








1.5 


5 




mA 


fCLK = 6 MHz 


Vdd supply current 


Iddi 








30 


60 




mA 


Operating mode; fcLK = 6 MHz 




bD2 








5 


15 




mA 


Halt mode; fcLK = 6 MHz 


Data retention voltage 


Vdddr 


2.5 










V 


Stop mode 


Stop mode supply current 


'dddfi 








3 


15 




M 


Stop mode; Vdddr = 2.5 V 










10 


50 




M 


Stop mode; Vdddr = 5.0 V ±10% 


AC Characteristics 

Ta = -10 to +70°C; Vdd = +5.0 V ±10%; Vss = V 


Parameter 




Symbol 




Min 




Typ 


Max 




Unit Conditions 


Read/Write Operation 


System clock cycle time 




tCYK 




166 






2000 


1 


ns (Note 1) 


Address setup time to ALE i 




tSAL 




150 










ns 


Address hold time after ALE i 




*HLA 




30 










ns (Note 4) 


Address to RD i delay time 




*DAR 




230 










ns 


BD i to address floating 




tpRA 















ns 


Address to data Input 




*DAID 










410 




ns 


ALE i to data input 




*DLID 










230 




ns 


RD i to data input 




^RID 










180 




ns 


ALE i to RDi delay time 




tpLR 




60 










ns 


Data hold time after RD t 




*HRID 















ns 


RD t to address active 




toRA 




50 










ns 


RD T to ALE T delay time 




tORL 




100 










ns 


RD width low 




tWRL 




200 










ns 


ALE width high 




tWLH 




120 










ns 


Address to WR i delay time 




*DAW 




300 










ns 


ALE 4> to data output 




*DLOD 










190 




ns 


WR i to data output 




*DWOD 










100 




ns 


ALE i to WR i delay time (Note 2) 




biw 




30 










ns 






110 










ns During refresh mode 


Data setup time to WR T 




tSODWR 




150 










ns 
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AC Characteristics (cont) 


Parameter 


Symbol 


Min Typ 


Max 


Unit 


Conditions 


Read/Write Operation (cont) 


Data setup time to WR i (Note 3) 


tsODWF 


30 




ns 


During refresh mode 


Data hold time to WR T 


tHWOD 


20 




ns 


(Note 4) 


WR T to ALE t delay time 


*DWL 


110 




ns 




WR width low 


twwL 


200 




ns 




Serial Port 


Serial clock cycle time 


kiYSK 


1.33 




JUS 


§UK output (Note 5) 




1.33 




IttS 


CTS output (Note 6) 




1 




IttS 


UTS Input (Note 7) 


Serial clock low level width 


twSKL 


580 




ns 


SCK output (Note 5) 




580 




ns 


UTS output (Note 6) 




420 




ns 


?^ input (Note 7) 


Serial clock high level width 


*WSKH 


580 




ns 


SCK output (Note 5) 




580 




ns 


^fB output (Note 6) 




420 




ns 


X^ input (Note 7) 


CTS high, low level 


twCSH, 
twCSL 


3 




*CYK 


Asynchronous mode 


RxD setup time to Ct5 T 


^SRXSK 


80 




ns 




RxD hold time after l?f5t 


tHSKRX 


80 




ns 




SCKitoTxDdelaytime 


toSKTX 




210 


ns 




A/D Converter 

Ta = -lO^Cto +70°C; Vdd = +5 V ±10%; AVref = 


= 4.0VtoVDD;AVss = Vss = 


= 0V 






Resolution 




8 




Bit 




Full scale error 






0.4 


% 


tcYK= 166 to 500 ns 


Quantization error 






±1/2 


LSB 




Conversion time 


*CONV 


180 




tCYK 


tcYK= 166 to 250 ns 




120 




tCYK 


tcYK = 250 to 500 ns 


Sampling time 


*SAMP 


36 




tCYK 


tcYK = 166 to 250 ns 




24 




tCYK 


tcYK = 250 to 500 ns 


Analog input voltage 


VlAN 





AVref 


V 




Input impedance 


Ran 


1000 




mO 




Analog reference voltage 


AVref 


4.0 


Vdd 


V 




AVrep current 


aIref 


1.5 


5.0 


mA 


*CLK = 6 MHZ 


Counter Operation 


CIO, CM high, low levels 


VCIH. 
twCIL 


3 




tCYK 




CTRLO, CRTL1 high, low levels 


twCTH> 
twCTL 


3 




^YK 




CTRLO, CTRL 1 setup time 
to CI T 


tSCTCI 


2 




tCYK 


Operating mode of count 
unit is set to mode 3. CI 
input is set to rising edge 
active. 
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AC Characteristics (cont) 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Counter Operation (cont) 


CTR LO, CTR L 1 hold time after 
CIt 


tHCICT 


5 






tCYK 




CLRO. CLR1 high, low level width 


twORH. 
twCRL 


3 






*CYK 




CIO, CM setup time to CTRL 


tS4CTCI 


6 






k^YK 


Counter mode 4 


CTRLO, CTR LI setup time to CI 


tH4CTCI 


6 






^YK 


Counter mode 4 


CI0/CI1, CTRL0/CTRL1 cycle 
time 


tCYC4 






250 


KHz 


Counter mode 4 


External Interrupts and Reset 


NMI high, low level width 


tWNIH. 
*WNIL 


10 






jttS 




INTEO high, low level width 


*WIOH. 
*WIOL 


3 






k^YK 




INTE1 high, low level width 


twi1H. 
*WI1L 


3 






tCYK 




INTE2 high, low level width 


*WI2H> 
twi2L 


3 






^CYK 




RESET high, low level width 


twRSH. 
tWRSL 


10 






jttS 




Vdd rise, fail time 


tpVD 


200 






jUS 





Notes: 

(1) The internal clock {icud equals the oscillation clock (fxx) divided 
by 2 or 8 as determined by bit 5 of the STBC. In this table, fxx = 
12 MHz and fcLK = W2. 

(2) During refresh operation, the WR signal falls to low level 1/2 clock 
cycle later than if there is no refresh. 

(3) When accessing data from pseudostatic DRAMs (e.g. juPD4168) 
with the falling edge of the WR signal, the data setup time is 
tsoDWF instead of tgoDWR- 



(4) Hold time is measured with Cl = 100 pF and Rl = 2 kfl load, and 
includes the period necessary to guarantee Vqh and Vql- 

(5) I/O interface mode transmit data at a data rate of 750 kb/s. 

(6) I/O interface mode receive data, internal clock, at a data rate of 
750 kb/s. 

(7) In the I/O interface mode this is the optional external clock for 
received data at a maximum rate of 1 MB/s. 
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Oscillator Characteristics 

Ta = -10 to 70°C; Vdd = +5.0 V ±10%; Vss = AVss • 
4V=sAVref^Vdd 



OV; 



Oscillator 


Parameter 


Symbol 


Min Max Unit 


Ceramic 
resonator or 
crystal 
resonator 


Oscillation 
frequency 


fxx 


4 12 MHz 



External clock XI input frequency fx 



12 MHz 



Timing Dependent on tcvK 






Symbol 


Formula 


Min/Max 


Unit 


tSAL 


1.5T-100 


Min 


ns 


bAR 


2T - 100 






*DAID 


(3.5 + n)T-170 


Max 


ns 


bllD 


(2 + n) T - 100 






tpRID 


(1.5 +n)T-70 







XI input rise, fall 
time 



*XR. *XF 



30 



*DLR 



0.5T - 20 



Min 



*DRL 



T-50 



XI Input high-low- tvvxH» *WXL 30 130 ns 
level width 



bRA 



0.5T-30 



*WRL 



(1.5 + n)T-50 



Recommended Ceramic Resonators 
(mPD78310/312A) 

External 
Capacitance (pF) 



^WLH 



T-40 



*DAW 



2T-100 



tOLOD 



0.5T + 110 



Max 



Manufacturer Part No. 



Frequency 
(MHz) 



C1 



C2 



*DLW 0.5T - 20 (normal operation) 

T - 50 (during refresh mode) 



Min 



Murata Mfg. 
Co., Ltd. 



CSA12.0MT 



12.0 



30 



30 



tsODWR 



(1.5 +n)T-100 



CST12.0MT 



12.0 



Included Included tsODWF 5T - 50 



bwL 



T-50 



Recommended Circuits 



*WWL 



(1.5 + n)-50 



Ceramic Resonator 

or 

Crystal Resonator 

(Notes) 



External Clock 




I 



HCMOS Inverter 



Notes: 



1 . When using a crystal resonator, the following external capacitor 
Is recommended: 

C1 =C2 = 15pF 

2. Oscillator circuit must be located as close as possible to the X1 
and X2 pins. 

3. To prevent noise from affecting operation, avoid locating other 
signal lines within the shaded area. 

83YL-6838A 



Notes: 

(1) n is the number of additional wait cycles specified by the MM 
register. 

(2) T = tcYK - 1/^CLK = 2/fxx- ^CLK '^ the internal sytem clock 
frequency 

(3) Any parameter not included in this table is not dependent on fcLK- 
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Timing Waveforms 
AC Timing Test Points 



vdd-1 V 






"Points" 



aTvy — 



Read Operation 



-tCYK- 



VJ^^^^^^^"^^^"A. 



P57-P50 



P47-P40 



XX 

x>: 



Address [high byte] 



XX 



-tDAID- 



Address [low byte] 



-tSAL- 



> 



-tHLA- 



-^ Read Data \ j V 



-tDLID- 



-tFRA 



tHRID- 



■tDRL- 



tDRA 



J ^^ 



-tWLH- 



-tDAR- 



-• tDRID- 



tDLR 



-tWRL- 



\ 



/ 
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Timing Waveforms (cont) 
Write Operation 



-tCYK- 



V^"^^_^^^^"^^v^^ 



P57-P50 



P47-P40 



X3( 

3o: 



Address [high byte] 



XX 



-tDLOD- 



Address [low byte] 



o: 



-tSAL- 



/ ^\ 



-tWLH- 



-tHLA- 



tDLW 



-tDAW- 



-tDWOD- 



>cx 



-tsODWR- 



-twWL- 



♦-tsODWF 



-tDLW- 



[Refresh mode] 



rzZi / 



tHWOD 



M tDWL- 
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Timing Waveforms (cont) 
Serial Port, I/O Interface Mode 



Data IVansmit 



Data Receive 



y ^. 



-tCYSK- 



-tWSKL- 



-tWSKH- 



H /' 



tDSKTX 



1 



X 



tCYSK- 



-• twSKL ► 



1 



-tSRXSK- 



/ ^ / H / 



-tWSKH- 



-tHSKRX- 



K 



Serial Port, Asynchronous Mode 
Send Enable Input Timing 



Counter Operation (Mode 3) 



-tWCSH- 



-tWCSL- 



J 1__/ 



-tWCIH- 



-tWCIL- 



^^' H Y 



tSCTCI -* 



tHCICT 



-tWCTL- 



CTRL 



_j' i Y 



-tWCTH- 



-tWCRH- 



-tWCRL- 



CLR 



J L_/ 
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Timing Waveforms (cont) 

Couni Timing Specification (Mode 4) 



Externai Reset 



CIO 7 

(CI1) _/ 




^ 




J OH ^ 


\ ^ 


^S4CTCI 1 


^H4CTCI 


^S4CTCI , 
< > 


^H4CTCI 


CTRLO 
(CTRL1) , 














83YL-6839A 



RESET 



-tWRSH- 



/^5)L_/ 



-tWRSL- 



Externai Ciocic 



External interrupts 





Data Retention Timing 



\o.9Vdd jr 



^*- ^RVD 
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PROM PROGRAMMrNG 

The PROM in the/iPD78P312A is an OTP or UVE EPROM 
witli an 8,192 X 8-bit configuration. Tlie pins listed In the 
table below are used to program the PROM. 

When used in the normal operation mode, 5V ±10% Is 
applied to the Vdd and Vpp pins. A voltage higher than 
Vdd should not be applied to other pins. 

The programming characteristics of the /iPD78P312A 
are identical to those of the/iPD27C256A. 



Pin 


Function 


Vpp 


High voltage input (write/verify mode), 
high-level Input (read mode) 


PROG 


High voltage input (write/verify mode, read mode) 


A0-A7 


Address input (lower 8 bits) 


A8-A12 


Address input (upper 8 bits) 


D0-D7 


Data input (write mode), data output (verify mode) 


CE 


Program pulse input 


OE 


Output enable input 


Vdd 


Power supply pin 



Notes: 

(1) Mask the window of the UVE EPROM version to protect the PROM 
from being erased accidentally. 

(2) The OTP EPROM version cannot be erased by ultraviolet rays 
because it does not have a window. 



Programming Setup 

Programming socket adaptors PA-78P312CW/GF/GQ/L 
are used to configure the/iPD78P312A to fit a standard 
PROM socket. Set the PROM programmer to program 
the 27C256A. If the PROM programmer is an older 
model, check that the programming voltage does not 
exceed 12.5 volts. 



Pin Functions, PROM Programming Mode 
64'Pin Shrink DIP and QUIP, Plastic and Ceramic 

















rc 


1 \J 64 


=1Vdd 


Vss- 




2 63 

3 62 


IID7 
DD6 






Ie 


4 61 


U D5 




^{l 


5 60 

6 59 


IID4 
IID3 




CEC 


7 58 


DD2 




OEC 


8 57 


DD1 




AOC 


9 56 


Ddo 




A1C 


10 55 


■-"l 




A2C 


11 54 


3 'Open 




A3C 


12 53 


Jj 




A4C 


13 52 


Dprog 




A5C 
A6C 


14 § 51 

15 |§ 50 


Dvpp 




Aye 


16 ^^ 49 

17 II 48 

18 « « 47 

19 g g 46 


3 
3. 


-Open 




Vss- 




DA12 
3 All 






^c 


20 ^ "^ 45 


3aio 






'Z 


21 44 


DA9 






c 


22 43 


lA8 




Open - 


c 


23 42 


3-] 










24 41 

25 40 


3 
3 


■Open 






'C 


26 39 


3J 








c 


27 38 


3-] 






vss] 


c 


28 37 


3 








c 


29 36 


3 


-ss 






<c 


30 35 


P 




OpenC 


31 34 


D 






VssC 


32 33 


dJ 






Notes: 






[1] Vss: Ground this pin. 




[2] Open: Do not connect this pin. 






83YL-6841A 
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Pin Functions, PROM Programming Mode (cont) 
64'Pm Plastic QFP (bent leads) 



^ ^ ^ 


o -> o 

T . Q(v(Din^coc\i 


/'— ' -^ /• ^ > Q Q Q Q Q Q 




nnnnnnnnnnnnn 






■*COCMT-00>OOP*.«DlO'«tCOeM 






(0(0(0(0(OU)ijOiou)Lnu)i/>u) 




CEC 


1 51 


DD1 


OEC 


2 O 50 


DDO 


AOC 


3 49 


^1 




ai C 


4 48 


D 


• Open 


A2C 


5 47 


dJ 




A3C 


6 46 


DPROG 


A4C 


7 45 


=lVpp 


A5C 


8 44 


D^ 




A6C 


9 r^,> r> . . ^r- ^3 


D 


'Open 


A7C: 


^PD78P312AGF 
10 ^ 42 


dJ 






rc 


11 41 


DA12 




c 


12 40 


U A11 


Vss- 


c 


13 39 


H A10 




Le 


14 38 


DA9 




re 


15 37 


DA8 




c 


16 36 


D^ 




Open ■ 


c 


17 35 


D 






c 


18 34 


D 


'Open 




Ic 


19 33 


:]j 






8?^?^?3Si8SE5?3a8S?^ 






UUUUULIUUUUUUU 






^^ ^ C (fi \^ ^ 






^0 1:SP ^ 




JO U (0 


> > 


Notes: 


Vss^ Ground this pin 


Open: Do not connect mis pin 


83YL-6842A 
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Pin Functions, PROM Programming Mode (cont) 
68-Pin PLCC 




nnnnnnnnnnnnnnnnn 



Open 



CO r> <o 10 ^»- CO CM 



o 



^D78P312AL 



C 25 
C 26 



S § 



46 U 

45 3 

.44 D 



CO •* 't ^ ^ 



uuuuuuuuuuuuuuuuu 



DO 

-Open 

PROG 
/pp 

Open 



A12 

A11 

A10 

A9 

IC 

A8 

I Open 



h 



Notes: 

[1] Vss'- Ground this pin, 

[2] Open: Do not connect this pin. 
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PROM Programming Mode 

When + 6 V is applied to the Vpo pin and + 12.5 V is 
applied to the PROG pin and Vpp pin, the/iPD78P312A 
enters the program write/verify mode. Operation in this 
mode is determined by the setting of CE and OE pins as 
indicated in the table below. 



Mode 


CE 


OE 


Vpp 


Vdd 


PROG 


Write 


L 


H 


+ 12.5 V 


+ 6V 


+ 12.5 V 


Verify 


H 


L 




Program inhibit 


H 


H 




Read (Note 2) 


L/H 


L 


+ 5V 


+ 5V 


+ 12.5 V 


Read (Note 3) 


L/H 


H 





Notes: 

(1) When + 12.5 V is applied to Vpp and +6 V is applied to Vpo, both 
CE and OE must not be set to the low level (L) simultaneously. 

(2) Data is output from the D0-D7 pins. 

(3) D0-D7 are high impedance. 

Recommended Conditions for Unused Pins 

Table 3 describes how to set unused pins when pro- 
gramming the PROM. 

Tabic 3. Recommended Conditions for Unused 
Pins 



Pin 




Recommended Connection 


PO0-PO3 




Connect to Vss 


PO4. PO5 




Open 


P20-P23 




Connect to Vss 


P25-P27, RFSH 




Open 


P3o-P33. XI 




Connect to Vss 


X2 




Open 


AN0-AN3, AVref, AVss 


Connect to Vss 


P34-P37. P55-P57, 


RD, WR, ALE 


Open 



PROM Write Procedure 

Data can be written to the PROM by using the following 
procedure. 

(1) Set the pins not used for programming as indi- 
cated in table 3, and supply + 6 V to the Vpo pin, 
and + 12.5 V to the Vpp and PROG pins. 

(2) Provide the initial address. 

(3) Provide write data 

(4) Provide a 1 ms program pulse (active low) to the 
CE pin. 



(5) Use the verify mode to test the data. If the data has 
been written, proceed to (7), if not, repeat steps 
(3) to (5). If the d^ta cannot be correctly written in 
25 attempts, go to step (6). 

(6) Classify the PROM as defective and cease write 
operation. 

(7) Provide write data and supply program pulse (for 
additional writing) for 3 ms times the number of 
repeats performed between steps (3) to (5). 

(8) Increment the address. 

(9) Repeat steps (3) to (8) until the last address is 
reached. 

PROM Read Procedure 

The contents of the PROM can be read out to the 
external data bus D0-D7 by using the following proce- 
dure. 

(1) Set the unused pins as indicated in table 3. 

(2) Supply -i- 5 V to the Vpo pin and Vpp pin, and 
-H2.5Vto the PROG pin. 

(3) Input the address of the data to be read to the Aq 
to A12 pins. 

(4) Put an active low pulse of at least 1 fjs on the OE 
pin. 

(5) Data is output to the Do to D7 pins. 

Erasure 

The UVE EPROM can be erased by exposing the win- 
dow to light having a wavelength shorter than 400 nm, 
Including ultraviolet rays, direct sunlight, and fluores- 
cent light. To prevent unintentional erasure, mask the 
window. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 W s/cm2 (ultraviolet ray 
intensity x exposure time) is required to completely 
erase written data Erasure by an ultraviolet lamp rated 
at 12,000/iW/cm2 takes approximately 15 to 20 minutes. 
Remove any filter on the lamp and place the device 
within 2.5 cm of the lamp tubes. 



7-31 



ffPD7831xA/78P31xA 



NEC 



DC Programming Characteristics 

Ta = 25 ±5°C; V|p =? 12.0 ±0.5 V; Vss ^ V 


Parameter 


Symbol 


Symbol (Note) 


Min 


Typ 


Max 


Unit 


Condition 


High-level input voltage 


V,H 


V,H 


2.2 




Vddp +0.3 


y 




Low-level input voltage 


V|L 


V|L 


-0.3 




0.8 


V 




Input leakage current 


Vlip 


Vli 






10 


M 


^ V| ^ Vddp 


High-level output voltage 


VoH 


VoH 


Vdd-1 






V 


Iqh = -1 -0 mA 


Low-level output voltage 


Vol 


Vol 






0.45 


V 


lot = 2.0 mA 


Output leakage current 


•lo 


— 






10 


/iA 


^ Vo ^ Vddp. oe = V|h 


PROG pin high voltage 
input current 


IIP 


— 






±10 


/iA 




Vddp power supply 


Vddp 


Vdd 


5.75 


6.0 


6.25 


V 


Program memory write mode 


voltage 


4.5 


5.0 


5.5 


V 


Program memory read mode 


Vpp power supply voltage 


Vpp 


Vpp 


12.2 


12.5 


12.8 


V 


Program memory write mode 






VPP = 


Vddp 


V 


Program memory read mode 


Vddp power supply 


'dd 


Idd 




10 


30 


mA 


Program memory write mode 


current 




10 


30 


mA 


Program memory read mode 
CE= V,L.V,= V,H 


Vpp power supply current 


Ipp 


Ipp 




10 


30 


mA 


Program memory write mode 
CE = V,L, OE = V,H 






1 


100 


/iA 


Program memory read mode 



Notes: 

(1) Corresponding symbols for the /iPD27C256A 

AC Programming Ciiaracteristics 

Ta = 25 ±5°C; V|p = 12.0 ±0.5 V; Vss = V 



Parameter 


Symbol 


Symbol (Note) 


MIn Typ 


Max 


Unit 


Condition 


Address setup time to CE i 


*SAC 


tAS 


2 




/iS 




Data to OE Melay time 


*ddoo 


k>ES 


2 




/iS 




Input data setup time to CE i 


tSIDO 


tDS 


2 




fJS 




Address hold time after CE t 


tHOA 


tAH 


2 




fJS 




Input data hold time after CE t 


tHCID 


tDH 


2 




JL/S 




Output data hold time after OE t 


tHOOD 


tDF 





130 


ns 




Vpp set up t ime before CE 1 


tsvpc 


*VPS 


2 




/iS 




Vddp setup time before CE i 


tSVDO 


Vds 


2 




/iS 




Initial program pulse width 


tWL1 


tpw 


0.95 1.0 


1.05 


ms 




Additional program pulse width 


tWL2 


topw 


2.85 


78.75 


ms 




PROG high-voltage Input setup 
time before CE i 


tSPC 




2 




/iS 




Address to data output time 


tDAOD 


tACO 




2 


//s 


OE=V,L 


OE 1 to data output time 


^DOOD 


tOE 




1 


JUS 




Data hold time after OE t 


*HCOD 


tDF 





130 


ns 




Data hold time after address not valid 


*HAOD 


tOH 







ns 


OE=V|L 



Notes: 

(1) Corresponding symbols for the /iPD27C256A 
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PROM Write Mode Timing 



A12-A0 



D7-D0 



J 



^SIDC - 



/ 



Vpp 



VnnP+1 



/ 



^DDP 



/ 



Effective address 



K 



h'= 



Data input 



CE 



^SVPC 



^SVDC 



\_j 



^^ ^HCID 



1 



Data output 



^ ^H 



^_^^ j P3^g^ If^p^j^ ^ 



h- 



DDOO 



k 



\ / 



^SIDC- 



LV 



^WL2 



^HCID 



[1] VqdP "T^ust be applied iDefore Vpp is applied and 
must be removed after Vpp is removed. 

[2] Vpp must not exceed +13 V including overshoot voltage. 



PROM Read Mode Timing 





A12-A0 


> 


I. 3 
Effective address 


( 








i 


OE 
D7-D0 


\ 




r 


63YL-6645B 


^ t _ ^1 




*HCOD 




^ 'UUUU ^ 






i—- 


Hi-Z . 


^HAOD -^ 




Data output 


1 
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INSTRUCTION SET 

The instruction set for the /iPD7831xA has 8- and 16-bit 
arithmetic instructions including: a 16x 16-bit unsigned 
multiply with a 32-bit product; a 32 by 16-bit unsigned 
divide with a 32-bit quotient and a 16-bit remainder. The 
instruction set also executes an 8-bit and a 16-bit shift 
and rotate by count, 1-and 8-bit logic, and 1-, 2-, and 
3-byte call instructions. String manipulation instruc- 
tions are also included. 

Branch 

There are four addressing modes for unconditional 
branching. Branch Instructions exist to test single bits 
In the program status word, the 16-bit accumulator, the 
special function registers, and internal RAM. The in- 
struction set also includes multiple register PUSH and 
POP instructions. 

Addressing 

On-chip RAM locations FE20H through FEFFH can be 
addressed by "saddr" addressing, in which the machine 
code specifies the address by its low-order byte only. 
This mode is also used to address the first 32 special 
function registers, addresses FFOOH through FF1FH. 

Timing 

Access to on-chip ROM requires one state per byte, 
on-chip RAM two states per byte, and external memory 
four states per byte minimum. 

The States column of the instruction set listing indi- 
cates the number of states required to execute an 
instruction after It has been fetched. In "saddr" ad- 
dressing, the number after the slash is applicable when 
addressing special function registers FFOOH through 
FF1FH. In conditional branch instructions, the number 
in parentheses is applicable when the branch is not 
taken. String instructions are interruptable, and the 
number in parentheses applies if the instruction has 
been interrupted during its execution. 

The Idle States column Indicates the number of states 
during which the CPU does not use the peripheral bus. 
They are therefore available for fetching succeeding 
instructions. If sufficient idle states are available, pre- 
fetching will continue until the buffer Is full, so as many 
as three bytes can be pre-f etched In this manner. If the 
instructions are stored in external memory, a minimum 
of four states is required for each byte. Idle states from 
each instruction are used in multiples of four, and any 
states in excess of multiples of four are lost. 



Symbois 

Symbols designations, and codes used in the instruc- 
tion set are explained in the following tables. 

In addition to the general register designations (such as 
P2P1P0. Q2Q1Q0 sncl R2R1R0). the following designa- 
tions appear in the Operation Code column. 

B2B1B0 Bit number (bit = through 7) In 

single-bit Instructions 

N2N1N0 Number of bits (n = through 7) in 
shift and rotate Instructions 

N2N1N0 Register bank number (n = through 
7) In BRKCS and SEL Instructions 



Symbol 




Symbol 


Meaning 


r 


R0-R15 


r1 


R0-R7 


r2 


C,B 


rp 


RP0-RP7* 


rp1 


RP0-RP7* 


rp2 


DE, HL,VP, UP 


sfr 


Special function register, 8 bits 


sfrp 


Special function register, 16 bits 



post RPO, RP1 , RP2, RP3, RP4, RP5/PSW, RP6, RP7. Bits set 

to 1 indicate register pairs to be pushed/popped to/ 
from the stack. RP5 pushed/popped by PUSH/POP: 
SP is stack pointer. PSW pushed/popped by PUSHU/ 
POPU: RP5 is stack pointer 

mem Register indirect: [DE], [HL], [DE+], [HL4-], [DE-], 

[HL-]. [VP], [UP] 
Base index mode: [DE + A], [HL +A], [DE + B], 

[HL+ B], [VP+ DE], [VP+ HL] 
Base Mode: [DE + byte], [HL + byte], [VP + byte], 

[UP + byte], [SP + byte] 
Index mode: Word [A], word [B], word [DE], word [HL] 

saddr FE20H-FF1FH: immediate byte addresses one byte in 

RAM, or label 

saddrp FE20H-FF1FH: immediate byte (bitO = 0) addresses 

one word in RAM or label 

#word 16 bits of immediate data or label 



#byte 



8 bits of immediate data or label 



jdisp 



8-bit two's complement displacement 
(Immediate data) 



fo-fi. 



Eleven bits of immediate data corresponding to addrll 



to-t4 



Five bits of immediate data corresponding to addrS 



*rp and rpl refer to the same register pairs, but generate different 
machine code. 
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Symbols 



Symlx>l 


i\/leaning 


.bit 


3 bits of immediate data (bit position in byte), or label 


n 


3 bits of Immediate data 


!addr16 


16-bit absolute address specified by an immediate 
address or label 


$addr16 


Relative branch address {(PC) + jdisp} or label 


addrie 


16-bit address 


!addr11 


11 -bit immediate address or label 


addr11 


0800H to OFFFH; 0800H + 11 -bit immediate address 


addrS 


Pointer into call table, 0040H-007EH: or 8040H-807EH, 
5 bit immediate data or label 


A 


A register (8-bit accumulator) 


X 


X register 


B 


B register 


C 


C register 


D 


D register 


E 


E register 


H 


H register 


L 


L register 


R0-R15 


Register 0-15 


AX 


Register pair AX (16-bit accumulator) 


BC 


Register pair BC 


VP 


Register pair VP 


UP 


Register pair UP (user stack pointer) 


DE 


Register pair DE 


HL 


Register pair HL 


RP0-RP7 


Register pair 0-7 


PC 


Program counter 


SP 


Stack pointer 


PSW 


Program status word 


CY 


Carry flag 


AC 


Auxiliary carry flag 


Z 


Zero flag 


P/V 


Parity/overflow flag 


s 


Sign flag 


SUB 


Subtract flag 


TPF 


Table position flag 


RBS 


Register bank select flag 


RSS 


Register set select flag 


IE 


Interrupt enable flag 


EOS 


End of software interrupt flag 


STBC 


Standby control register 


WDM 


Watchdog timer mode register 



Symbol Meaning 



/ 



Logical complement 



( ) Contents of the location whose address is within ( ); 

(+) and (-) indicate that the address Is incremented or 
decremented after it is used. 

(( )) Contents of the memory location defined by the 

contents of the location defined by the quantity within 

the (( )). 

XXH Hexadecimal number 



XH,XL 



High-order 8 bits and low-order 8 bits of X 



nag indicators 



Symbol 



l\/leaning 



(blank) 



No change 



Cleared to 



Set to 1 



Set or cleared according to result 



Parity of result 



Arithmetic overflow 



Undefined 



Restored from saved PSW 



Execution Times of Memory Reference 
instructions: Numiier of Processor States 







Memory Reference Mode 


Instruction 


Register 
Indirect 


Base 
Index 


Base 


Index 


MOV 


A, mem 


5 


6 


6 


6 




mem,A 




XCH 


A, mem 


7 


8 


8 


8 




mem.A 




ADD, ADDC, 
SUB,SUBC, 
AND, OR, XOR 


A, mem 


6 


7 


7 


7 


mem,A 


7 


8 


8 


8 


CMP 


A, mem 


6 


7 


7 


7 




mem,A 
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NEC 



Memory Addressing Modes 





mod 


10110 


10111 


00110 


01010 


mem 


Register 
Indirect 


Base 
Index 


Base 


index 







[DE+]* 


[DE+A] 


[DE+byte] 


word [DE] 


1 




[HL+r 


[HL+A] 


[SP+ byte] 


word [A] 


1 




[DE-]* 


[DE+B] 


[HL+byte] 


word [HL] 


1 1 




[HL-]* 


[HL+B] 


[UP+byte] 


word [B] 


1 




[DE]* 


[VP+DE] 


[VP+ byte] 


— 


1 1 




[HL]* 


[VP+ HL] 


— 


— 


1 1 




[VP] 


-- 


— 


— 


1 1 1 




[UP] 


- 


— 


— 


*1-byte instructions: defined by special opcode and mem only. 

Genera! Register Designation r, rl 


R3 


R2 


Rl 


Ro 


Reg 





L. 



RO 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 



R8 
R9 
R10 
R11 
R12 
R13 
R14 
R15 



rp 



rpl 



Q2 



rp2 



Si 



Qi 



Qo 



Reg Pair 












RPO 








1 


RP1 





1 





RP2 





1 


1 


RP3 


1 








RP4 


1 





1 


RP5 


1 


1 





RP6 


1 


1 


1 


RP7 



Reg Pair 












RPO 








1 


RP4 





1 





RP1 





1 


1 


RP5 


1 








RP2 


1 





1 


RP6 


1 


1 





RP3 


1 


1 


1 


RP7 



So 



Reg Pair 









VP 





1 


UP 


1 





DE 


1 


1 


HL 



r2 

c 



1 



Reg 

C 
B 
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Instructions 




Operation 


States 


Idle 
States 


Bytes i 


Flags 


_ C 


Iper 

i 


atlon Code (Bits 7-0) 


Mnemonic Operand 


J Z AC P/V SUB CY 


Wtes B1 thru B5 


Data Transfer 


MOV r1,#byte 


r1 ^ byte 


3 


3 


2 




1 





1 1 1 R2 Ri Ro 
Data 


sacldr,#byte 


(saddr) *- byte 


3/4 





3 










1110 10 
Saddr-offset 








Data 


str,#byte 


sfr *- byte 


4 





3 










10 10 11 








Sfr-oftset 








Data 


r,r1 


r^r1 


3 


3 


2 




10 10 
R3 R2 Ri Ro R2 Ri Ro 


A,r1 


A — r1 


3 


3 


1 




1 


1 


1 R2 Ri Ro 


A.saddr 


A — (saddr) 


3/4 


1 


2 










10 
Saddr-offset 


saddr.A 


(saddr) *- A 


3/4 





2 










10 10 
Saddr-offset 


saddr.saddr 


(saddr) ^ (saddr) 


4/6 





3 










1110 
Saddr-offset 








Saddr-offset 


A.str 


A*- sfr 


4 


1 


2 










10 








Sfr-offset 


sfr.A 


sfr^A 


4 





2 










10 10 
Sfr-offset 


A.mem* 


A ^ (mem) 


5 


3 


1 







1 


1 1 mem 



A.mem 



A '^ (mem) 



5-6 3-4 2-4 



mod 

mem 



Low offset 



High offset 



mem.A* 



(mem) *- A 



10 10 mem 



mem.A 



(mem) *- A 



5-6 



2-4 



mod 

1 mem 

Low offset 
High offset 



*When mem is [DE], [HL], [DE-H], [DE-], [HL4-], or [HL-] 
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SEC 



Instructions (cont) 




Operation 


States 


Idie 
States 


Bytes 


'''*9« Operation Code (Bits 7-0) 


Mnemonic Operand 


S Z AC P/V SUB CY Bytes B1 tliru B5 


Data Transfer (cont) 


MOV (cont) A,[saddrp] 


A *- ((saddrp)) 


5/6 


1 


2 


110 
Saddr-offset 


[saddrp],A 


((saddrp)) ^ A 


4/5 





2 


110 1 




Saddr-offset 



A,!addr16 



A ^ (addr16) 



10 1 
11110 



Low addr 



High addr 



!addr16,A 



A.mem 



(addrlB) ^ A 



A *-* (mem) 



10 1 
11110 1 

Low addr 

High addr 





PSWL,#byte 


PSWL ^ byte 


4 





3 


X 


X 


X 


X 


X 


X 



T 




1 






1 


1 
T 


1 1 

1 1 
































Data 






PSWH,#byte 


PSWH - byte 


4 





3 
















T 




1 






1 


1 
1 


1 1 

1 1 1 
































Data 






PSWL.A 


PSWL — A 


4 





2 


X 


X 


X 


X 


X 


X 










1 





1 




1 


1 




1 




1 1 




PSWH.A 


PSWH — A 


4 





2 
















1 




1 




1 

T 


— 


1 

1 1 1 




A.PSWL 


A ^ PSWL 


4 


1 


2 
















1 




1 




1 
T 


— 




1 1 




A.PSWH 


A <- PSWH 


4 


1 


2 
















1 




1 




1 
T 


— 




1 1 1 


XCH 


A.rl 


A— -r1 


4 


4 


1 














1 


1 




1 




R2 Ri Ro 




r,r1 


r — r1 


4 


4 


2 




























1 1 




R3 R2 Ri Ro 





R2 Ri Rq 



7-8 



3-4 



2-4 







mod 



mem 



10 



Low offset 













High offset 


A.saddr 


A *-* (saddr) 


4/6 





2 


10 1 
Saddr-offset 


A.sfr 


A*-*sfr 


8 


3 


3 


1 




10 1 
Sfr-offset 
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saddrp,#word 



(saddrp) *- word 



3/4 



Instructions (cont) 




Operation 


States 


Idle 
States 


Bytes 


Flags 




Operation Code (Bits 7-0) 


Mnemonic Operand 


S Z AC P/V SUB 


CY 


Bytes B1 thru B5 


Data Transfer (cont) 


XCH(cont) A,[saddrp] 


A — ((saddrp)) 


6/7 





2 






10 11 




Saddr-offset 


saddr.saddr 


(saddr) *-* (saddr) 


8/12 





3 






1110 1 




Saddr-offset 




Saddr-offset 


MOVW rp1,#word 


rp1 ^ word 


3 


3 


3 






1 1 Q2 Qi Qo 
Low byte 




High byte 



110 
Saddr-offset 



Low byte 



High byte 



sfrp,#word 



rpl,!addr16 



sfrp ^ word 



rpl — (addr16) 



10 6 



10 11 
Sfr-offset 
Low byte 



High byte 



rp,rp1 


rp *- rpl 


3 


3 


2 








10 10 




P2 Pi Po 1 Q2 Qi Qo 


AX.saddrp 


AX — (saddrp) 


3/4 


1 


2 








1110 
Saddr-offset 


saddrp.AX 


(saddrp) *- AX 


3/4 





2 








110 10 
Saddr-offset 


saddrp.saddrp 


(saddrp) *- (saddrp) 


4/6 





3 








11110 
Saddr-offset 








Saddr-offset 


AX.sfrp 


AX — sfrp 




1 


2 








10 1 
Sfr-offset 


sfrp.AX 


sfrp *- AX 







2 








10 11 
Sfr-offset 



10 1 

1 Q2 Qi Qo 

Low Addr 



High Addr 



!addr16,rpl 



(addr16) ^ rpl 



10 1 

1 1 Q2 Qi Qo 

Low Addr 
High Addr 
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Instructions (cont) 




Operation 


States 


tdie 
States 


Bytes 






Fiags 






t 


Iperation Code (Bits 7-0) 


Mnemonic Operand 


S 


z 


AC 


P/V SUB 


CY 


Bytes B1 tliru B5 


Data Transfer (cont) 


XCHW AX.saddrp 


AX -~* (saddrp) 


4/6 





2 

















110 11 
Saddr-offset 


AX.sfrp 


AX *-* sf rp 


9 


3 


3 


















1 
110 11 






Sfr-offset 


saddrp, saddrp 


(saddrp) *-* (saddrp) 


8/12 





3 

















10 10 10 






Saddr-offset 






Saddr-offset 


rp.rpi 


rp <~^ rp1 


5 


5 


2 














10 10 1 
P2 Pi Po 1 Q2 Qi Qo 


8-Blt Operation 


ADD A,#byte 


A, CY ^ A + byte 


3 


3 


2 


X 


X 


X 


V 





X 


1 


10 10 






Data 


saddr,#byte 


(saddr), CY ^ (saddr) + byte 


5/7 





3 


X 


X 


X 


V 





X 





110 10 
Saddr-offset 






Data 



sfr,#byte 



A.mem 



sf r, CY ^ sf r + byte 



10 



4 XXXV 0X000 00001 



110 10 



Sfr-offset 



Data 



r.n 


r, CY — r -h r1 


3 


3 


2 


X 


X 


X 


V 





X 


10 10 
R3 R2 Ri Ro R2 Ri Ro 


A.saddr 


A,CY — A + (saddr) 


3/4 


1 


2 


X 


X 


X 


V 





X 


1 


110 
Saddr-offset 


A.sfr 


A.CY^A-Fsfr 


7 


4 


3 


X 


X 


X 


V 





X 





1 




1 


110 






Sfr-offset 


saddr.saddr 


(saddr), CY *- (saddr) 
+ (saddr) 


6/9 





3 


X 


X 


X 


V 





X 





11110 
Saddr-offset 






Saddr-offset 



A, CY ^ A + (mem) 



6-7 



4-5 



2-4 X X X V X mod 



mem 10 



Low offset 



High offset 



mem.A 



(mem), CY *- (mem) + A 7-8 



2-3 



2-4 X X X V X mod 



1 mem 10 



Low offset 



High offset 
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Instructions (cont) 




Operation 


States 


Idle 
States 


•''''9* Operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes S Z AC P/V SUB CY Bytes B1 thru B5 


8'Bit Operation (cont) 


ADDC A,#byte 


A, CY ^ A + byte + CY 


3 


3 


2 XXXV 0X10101001 




Data 


sadclr,#byte 


(saddr), CY *- (saddr) 
+ byte + CY 


5/7 





3 XXXV 0X01101001 

Saddr-otfset 




Data 



sfr,#byte 



A.mem 



sf r, CY *- sir + byte + CY 



10 



4 XXXV 0X00000001 



110 10 1 



Sfr-offset 



Data 



r,r1 


r.CY — r + rl+CY 


3 


3 


2 


X 


X 


X V 





X 


10 10 1 
R3 R2 Ri Ro R2 Ri Ro 


A.saddr 


A, CY ^ A + (saddr) + CY 


3/4 


1 


2 


X 


X 


X V 





X 


1 


110 1 






Saddr-offset 


A.sfr 


A.CY^A + sfr + CY 


7 


4 


3 


X 


X 


X V 





X 




1 


1 
110 1 
Sfr-offset 


saddr.saddr 


(saddr), CY *- (saddr) 
+ (saddr) + CY 


6/9 





3 


X 


X 


X V 





X 





11110 1 
Saddr-offset 






Saddr-offset 



A, CY ^ A + (mem) + CY 6-7 



4-5 



2-4 X X X V X mod 



mem 10 1 



Low offset 



High offset 



mem, A 



sfr,#byte 



(mem), CY ^ (mem) 
+ A + CY 



7-8 



2-3 



2-4 X X X V X mod 



1 mem 10 1 



Low offset 



High offset 



SUB 


A,#byte 


A, CY*- A -byte 


3 


3 


2 


XXXV 1 X 10101010 

Data 




saddr,#byte 


(saddr), CY — (saddr) - byte 


5/7 





3 


XXX V 1 X 01101010 
Saddr-offset 




Data 



sf r, CY *- sf r - byte 



10 



4 XXXV 1X00000001 



110 10 10 



Sfr-offset 



Data 



r.n 


r, CY ^ r - ri 


3 


3 


2 


XXX V 1 X 10001010 




R3 R2 Ri Rq R2 Ri Rq 


A,saddr 


A, CY^ A- (saddr) 


3/4 


1 


2 


XXXV 1X10011010 
Saddr-offset 
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Instructions (cont) 




Operation 


States 


idle 
States 






Fiags 


Operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes S 


Z 


AC P/V SUB CY 


Bytes B1 tiiru B5 


8-Bit Operation (cont) 


SUB (cont) A.sfr 


A, CY *- A - sfr 


7 


4 


3 X 


X 


X V 1 X 


1 




10 110 10 
Sfr-offset 


saddr.saddr 


(saddr), CY *- (saddr) 
- (saddr) 


6/9 





3 X 


X 


X V 1 X 


11110 10 
Saddr-offset 




Saddr-offset 



A.mem 



A, CY ^ A - (mem) 



6-7 



4-5 



2-4 XXXV 1X000 



mod 



mem 10 10 



Low offset 



High offset 



mem, A 



(mem), CY *- (mem) - A 



7-8 



2-3 



2-4 X X X V 1 X 



mod 



1 mem 10 10 



Low offset 



High offset 



SUBC A,#byte 



A, CY *- A - byte - CY 



XXX V 1 X 1010101 



Data 



saddr,#byte (saddr), CY *- (saddr) 

- byte - CY 



5/7 



XXX VI X 0110101 



Saddr-offset 



Data 



sfr,#byte 



A,mem 



sfr, CY ^ sfr - byte - CY 



10 



XXXV 1X0000000 



110 10 1 



Sfr-offset 



Data 



r,r1 


r, CY — r - r1 - CY 


3 


3 


2 


X 


X 


X 


V 


1 


X 


1 


10 11 




R3 R2 Ri Ro R2 Ri Ro 


A,saddr 


A, CY ^ A - (saddr) - CY 


3/4 


1 


2 


X 


X 


X 


V 


1 


X 


1 


110 11 






Saddr-offset 


A.sfr 


A,CY^A-sfr-CY 


7 


4 


3 


X 


X 


X 


V 


1 


X 





1 




1 


110 11 
Sfr-offset 


saddr,saddr 


(saddr), CY — (saddr) 
- (saddr) - CY 


6/9 





3 


X 


X 


X 


V 


1 


X 





11110 11 
Saddr-offset 






Saddr-offset 



A, CY *- A - (mem) - CY 



6-7 



4-5 



2-4 XXXV 1X000 



mod 



mem 10 11 



Low offset 



High offset 
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Instructions (cont) 




Operation 


States 


Idie 
States 


Flags 


Operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes S Z AC P/V SUB CY 


Bytes B1 tliru B5 


8-Blt Operation (cont) 



SUBC mem, A 

(cont) 



sfr,#byte 



A.mem 



(mem), CY *- (mem) 
-A-CY 



7-8 



2-3 2-4 X X X V 1 X 



mod 



sf r ^ sfr A byte 



10 



4 X X P 



A *- A A (mem) 



6-7 



4-5 



2-4 X X 



P 



1 mem 10 11 



Low offset 



High offset 



AND 


A,#byte 


A ^ A A byte 


3 


3 


2 


X X 


P 





10 10 110 




Data 




saddr,#byte 


(saddr) *- (saddr) A byte 


5/7 





3 


X X 


P 





110 110 




Saddr-offset 




Data 



1 

110 110 

Sfr-offset 

Data 



r,r1 


r ^ r A r1 


3 


3 


2 


X 


X 


P 





10 110 
R3 R2 Ri Ro R2 Ri Ro 


A.saddr 


A *- A A (saddr) 


3/4 


1 


2 


X 


X 


P 





10 1110 




Saddr-offset 


A,sfr 


A ^ A A sfr 


7 


4 


3 


X 


X 


P 





1 




10 1110 
Sfr-offset 


saddr.saddr 


(saddr) ^ (saddr) A (saddr) 


6/9 





3 


X 


X 


P 





111110 
Saddr-offset 




Saddr-offset 







mod 



mem 110 



Low offset 



High offset 



mem.A 



(mem) ^ (mem) A A 



7-8 



2-3 



2-4 X X P 







mod 



1 mem 110 



Low offset 



High offset 



OR 


A,#byte 


A — AVbyte 


3 


3 


2 


X X 


P 





10 10 1110 
Data 




saddr,#byte 


(saddr) *- (saddr) V byte 


5/7 





3 


X X 


P 





110 1110 
Saddr-offset 




Data 
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Instructions (cont) 




Operation 


States 


idie 
States 


Flags 


Operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes S Z AC P/V SUB CY 


Bytes B1 tliru B5 


S'Bit Operation (cont) 



OR (cont) sfr,#byte 



A.mem 



sir ^ sfr V byte 



10 



4 XX PO 000 00001 

110 1110 
Sfr-offset 
Data 



r.rl 


r ^ r V r1 


3 


3 


2 


X 


X 


P 





1 


1 1 1 




R3 R2 Ri Ro R2 Ri Ro 


A.saddr 


A ^ A V (saddr) 


3/4 


1 


2 


X 


X 


P 





1 


1 1 1 1 






Saddr-offset 


A.sfr 


A — A V sfr 


7 


4 


3 


X 


X 


P 







1 


1 
11110 
Sfr-offset 


saddr.saddr 


(saddr) *- (saddr) V (saddr) 


6/9 





3 


X 


X 


P 








1111110 
Saddr-offset 






Saddr-offset 



A *- A V (mem) 



4-5 



2-4 X X 



P 







mod 



mem 1110 



Low offset 



High offset 



mem.A 



sfr,#byte 



(mem) ^ (mem) V A 



7-8 



2-3 



2-4 X X 



P 







mod 



1 mem 1110 



Low offset 



High offset 



XOR 


A,#byte 


A— ¥-byte 


3 


3 


2 


X X 


P 





10 10 110 1 




Data 




saddr ,#byte 


(saddr) ^ (saddr) -V- byte 


5/7 





3 


X X 


P 





110 110 1 




Saddr-offset 




Data 



sfr ^sfr-V- byte 



3 4 X X 



P 



1 
110 110 1 



Sfr-offset 



Data 



r,r1 


r — r-V-rl 


3 


3 


2 


X X 


P 





10 110 1 




R3 R2 Ri Ro R2 Ri Ro 


A.saddr 


A — A -V- (saddr) 


3/4 


1 


2 


XX 


P 





10 1110 1 




Saddr-offset 


A.sfr 


A^A-V-sfr 


7 


4 


3 


X X 


P 





1 




10 1110 1 




Sfr-offset 
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Instructions (cont) 




Operation 


States 


idle 
States 


•"'^fl* Operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes S Z AC P/V SUB CY Bytes B1 thru B5 


8'Blt Operation (cont) 


XOR(cont) saddr.saddr 


(saddr)^(saddr)-V-(saddr) 


6/9 





3 XX PO 0111110 1 

Saddr-offset 




Saddr-otfset 



A.mem 



A^ A-V-(mem) 



6-7 



4-5 



2-4 X X 



P 







mod 



mem 110 1 



Low offset 



High offset 



mem.A 



sfr,#byte 



A.mem 



(mem)'^(mem)¥- A 



7^8 



2-3 



2-4 X X 



P 







mod 



sfr - byte 



A - (mem) 



1 mem 110 1 



Low offset 



High offset 



CIVIP 


A,#byte 


A - byte 


3 


3 


2 


XXXV 


1 X 


10 10 1111 
Data 




saddr,#byte 


(saddr) - byte 


5/7 


1 


3 


XXXV 


1 X 


110 1111 
Saddr-offset 




Data 



10 



4 XXXV IX 00 00001 



110 1111 



Sfr-offset 



Data 



r.rl 


r-rl 


3 


3 


2 


X 


X 


X V 


1 


X 


10 1111 
R3 R2 Ri Ro R2 Ri Ro 


A.saddr 


A - (saddr) 


3/4 


1 


2 


X 


X 


X V 


1 


X 


1 


00 11111 






Saddr-offset 


A.sfr 


A -sfr 


7 


4 


3 


X 


X 


X V 


1 


X 




T 


1 
11111 
Sfr-offset 


saddr,saddr 


(saddr) - (saddr) 


6/8 


1 


3 


X 


X 


X V 


1 


X 





1111111 
Saddr-offset 






Saddr-offset 



6-7 



4-5 



2-4 X X X V 1 X mod 



mem 1111 



Low offset 



High offset 



mem.A 



(mem) - A 



6-7 



3-4 



2-4 X X X V 1 X mod 



1 mem 1111 



Low offset 



High offset 
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Instructions (cont) 




Operation 


States 


Idle 
States 


Fiags 


Operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes S Z AC P/V SUB CY 


Bytes B1 tliru B5 


16-Bit Operation 


ADDW AX,#word 


AX, CY — AX + word 


4 


4 


3 X X X V X 


10 110 1 
Low byte 




High byte 



saddrp,#word 



(saddrp), CY *- (saddrp) 
+ word 



5/7 



4 XXXV 0X00001101 



Saddr-offset 



Low byte 



High byte 



strp,#word 



sfrp, CY ♦- sfrp + word 



10 3 



5 XXXV 0X00000001 



110 1 



Sfr-offset 



Low byte 



High byte 



rp,rp1 



rp, CY ^ rp + rpl 



2 XXXV 0X10001000 



P2 Pi Po 1 Q2 Qi Qo 



AX,saddrp 



AX, CY *- AX + (saddrp) 



4/5 



2 XXXV 0X00011101 



Saddr-offset 



AX,sfrp 



AX, CY — AX + sfrp 



3 XXXV 0X000 0001 



1110 1 



Sft-offset 



saddrp.saddrp 



(saddrp), CY ^ (saddrp) 
+ (saddrp) 



6/9 



3 XXXV 0X00111101 



Saddr-offset 



Saddr-offset 



SUBW 



AX,#word 



AX, CY *- AX - word 



3 XXXV 1 X 00101110 



Low byte 



High byte 



saddrp,#word 



(saddrp), CY *- (saddrp) 
-word 



5/7 



4 XXXV 1X00001110 



Saddr-offset 



Low byte 



High byte 
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Instructions (cont) 




Operation 


States 


Idie 
States 


Flags 


Operation Code (Bits 70) 


Mnemonic Operand 


Bytes S Z AC P/V SUB CY 


Bytes B1 tliru B5 


16-Blt Operation (cont) 



SUBW sfrp,#word 

(cont) 



sfrp, CY <- sfrp - word 



10 3 



5 XXXV 1X00000001 



1110 



Sfr-offset 



Low byte 



High byte 





rp.rpi 


rp, CY ^ rp - rpl 


4 


4 


2 


X 


X 


X 


V 


1 


X 


10 10 10 
P2 Pi Po 1 Q2 Qi Qo 




AX.saddrp 


AX, CY — AX - (saddrp) 


4/5 


2 


2 


X 


X 


X 


V 


1 


X 








11110 
Saddr-offset 




AX.sfrp 


AX, CY — AX - sfrp 


8 


5 


3 


X 


X 


X 


V 


1 


X 










1 
11110 
Sfr-offset 




saddrp.saddrp 


(saddrp), CY *- (saddrp) 
- (saddrp) 


6/9 





3 


X 


X 


X 


V 


1 


X 








111110 
Saddr-offset 








Saddr-offset 


CMPW 


AX,#word 


AX -word 


4 


3 


3 


X 


X 


X 


V 


1 


X 








10 1111 
Low byte 








High byte 



saddrp,#word (saddrp) - word 



4/5 



XXX V 1 X 00001111 



Saddr-offset 



Low byte 



High byte 



sfrp,#word 



sfrp - word 



5 XXXV 1X00000001 



1111 



Sfr-offset 



Low byte 



High byte 



rp.rpi 


rp - rpl 


4 


4 


2 


X 


X 


X V 


1 


X 


10 1111 




P2 Pi Po 1 Q2 Qi Qo 


AX.saddrp 


AX -(saddrp) 


4/5 


1 


2 


X 


X 


X V 


1 


X 


11111 
Saddr-offset 


AX,sfrp 


AX - sfrp 


8 


4 


3 


X 


X 


X V 


1 


X 


1 




11111 
Sfr-offset 


saddrp.saddrp 


(saddrp) - (saddrp) 


5/7 


1 


3 


X 


X 


X V 


1 


X 


111111 
Saddr-offset 




Saddr-offset 
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Instructions (cont) 




Operand 


Operation 


States 


idle 
States 


Bytes 


Fiags 






_ I 


Iperation Code (Bits 7-0) 


Mnemonic 


S Z AC 


P/V SUB 


CY 


Bytes B1 ttiru B5 


Multiplication/Division 


MULU 


rl 


AX *- A X r1 


18 


18 


2 













10 1 







1 R2 Ri Ro 


DIVUW 


r1 


AX (Quotient), r1 (Remainder) 
— AX ^ r1 


26 


26 


2 














10 1 
1 1 R2 Ri Ro 


MULUW 


rpl 


AX (High-order 16 bits), 
rp1 (Low-order 16 bits) 
^ AX X rpl 


27 


27 


2 














10 1 
1 1 Q2 Qi Qo 


DIVUX 


rp1 


AXDE (Quotient), 
rpl (Remainder) 
*- AXDE -^ rpl 


50 


50 


2 












T 


10 1 

1 1 1 Q2 Qi Qo 


Increment/Decrement 


INC 


r1 


r1 — r1 + 1 


3 


3 


1 


XXX 


V 







1 


1 R2 Ri Ro 




saddr 


(saddr) ^ (saddr) + 1 


4/6 





2 


XXX 


V 










10 110 
Saddr-offset 


DEC 


r1 


r1 ^ r1 - 1 


3 


3 


1 


XXX 


V 


1 




1 


1 1 R2 Ri Ro 




saddr 


(saddr) — (saddr) - 1 


4/6 





2 


XXX 


V 


1 







10 111 






Saddr-offset 


INCW 


rp2 


rp2 *- rp2 + 1 


3 


3 


1 













1 1 Si So 




saddrp 


(saddrp) ^ (saddrp) + 1 


6/8 


2 


3 












1 


111 
110 10 
Saddr-offset 


DECW 


rp2 


rp2 *- rp2 - 1 


3 


3 


1 













1 1 1 Si So 




saddrp 


(saddrp) ^ (saddrp) - 1 


6/8 


2 


3 












1 


111 
110 10 1 
Saddr-offset 


Shift and Rotate 


ROR 


r1,n 


(CY,rl7 — rio, 
r1m-1*-r1m)xn 


4+3n 


4+3n 


2 




p 





X 




T 


110 

1 N2 Ni No R2 Ri Ro 


ROL 


r1,n 


(CY,r1o-rl7, 
r1m + l"-r1m)xn 


4-H3n 


4-f-3n 


2 




p 





X 




T 


110 1 

1 N2 Ni No R2 Ri Ro 


RORC 


r1,n 


(CY — r1o,rl7-CY, 
r1m-i^r1rT,)xn 


4+3n 


4-h3n 


2 




p 





X 





110 
N2N1N0R2R1 Ro 


ROLC 


rl.n 


(CY — rl7,r1o-CY, 
r1m + l^r1m)xn 


4+3n 


4+3n 


2 




p 





X 




T 


110 1 
N2 Ni No R2 Ri Ro 
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instructions (cont) 




Operation 


States 


Idle 
States 


Bytes 






Flags 






1 


Operation Code (Bits 7-0) 


Mnemonic Operand 


S 


z 


AC 


P/V SUB CY 


Bytes BI thru B5 


Shift and Rotate (cont) 


SHR r1,n 


(CY — r1o.rl7 — 0. 
r1m-1^r1m)xn 


4+3n 


4-f3n 


2 


X 


X 





P 





X 





110 
N2 Ni No R2 Ri Ro 


SHL rl.n 


(CY ^ riy, rio ^ 0, 
i'1m + 1^r1m)xn 


4+3n 


4+3n 


2 


X 


X 





P 





X 





110 1 
N2 Ni No R2 Ri Ro 


SHRW rpl.n 


(CY — rp1o.rp1i5^0, 
rp1m-l^rp1m)xn 


4+3n 


4+3n 


2 


X 


X 





P 





X 





110 

1 N2 Ni No Q2 Qi Qo 


SHLW rpl.n 


(CY*-rp1i5, rplo^O, 
rp1m + 1*-rp1m)xn 


4+3n 


4+3n 


2 


X 


X 





P 





X 





110 1 

1 N2 Ni No Q2 Qi Qo 


R0R4 [rpl] 


A3-0 ^ (i'p1)3-0. 
(rp1)74-A3.o. 
(rp1)3-o — (rp1)74 


7 


3 


2 

















10 1 
1 Q2 Qi Qo 


R0L4 [rpl] 


A3.0 ^ (•'Pl)7-4. 
(rp1)3-o *- A3-0. 
(rp1)74 — (rp1)3.o 


7 


3 


2 

















10 1 
1 1 Q2 Qi Qo 


BCD Adjustment 


ADJ4 


Decimal adjust accumulator 


3 


3 


1 


X 


X 


X 


P 




X 





10 


Bit Manipulation 


M0V1 CY.saddr.bit 


CY — (saddr.bit) 


6/7 


4 


3 












X 






10 
B2 Bi Bo 
Saddr-offset 


CY.sfr.bit 


CY — sfr.bit 


7 


4 


3 












X 





10 







1 B2 Bi Bo 
Sfr-offset 


CY,A.bit 


CY — A.bit 


6 


6 


2 












X 






11 
1 B2 Bi Bo 


CY,X.bit 


CY — X.bit 


6 


6 


2 












X 






11 
B2 Bi Bo 


CY.PSWLbit 


CY — PSWH.bit 


6 


6 


2 












X 




T 


10 
1 B2 Bi Bo 


CY.PSWLbit 


CY — PSWLbit 


6 


6 


2 












X 




T 


10 
B2 Bi Bo 


saddr.bit.CY 


(saddr.bit) *- CY 


7/8 


3 


3 

















10 
1 B2 Bi Bo 
Saddr-offset 


sfr.bit.CY 


sfr.bit — CY 


8 


3 


3 


















10 
1 1 B2 Bi Bo 
Sfr-offset 


A.bit,CY 


A.bit — CY 


8 


8 


2 


















11 
1 1 B2 Bi Bo 
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Instructions (cont) 




Operation 


States 


idle 
States 


Bytes 


Flags 




_ t 


Iperatlon Code (Bits 7-0) 


Mnemonic Operand 


S Z AC P/V SUB 


CY 


Bytes B1 thru B5 


Bit Manipulation (cont) 


M0V1 X.bit,CY 


X.bit ^ CY 


8 


8 


2 









11 


(cont) 





1 B2 Bi Bo 


PSWH.bit.CY 


PSWH-bit — CY 


9 


9 


2 







~0 


10 
1 1 B2 Bi Bo 


PSWLbit.CY 


PSWL.bit ^ CY 


9 


9 


2 


X X X X X 






"o" 


10 
1 B2 Bi Bo 


AND1 CY.saddr.bit 


CY *- CY A (saddr.bit) 


6/7 


4 


3 




X 




"o" 


10 
1 B2 6i Bo 
Saddr-offset 


CY,/sa(jdr.bit 


CY ^ CY A (saddr.bit) 


6/7 


4 


3 




X 




T 


10 
1 1 B2 Bi Bq 
Saddr-offset 


CY.sfr.bit 


CY<-CYAsfr.bit 


7 


4 


3 




X 




"o" 


10 
1 1 B2 Bi Bo 
Sfr-offset 


CY,/sfr.bit 


CY ^ CY A sf r.bit 


7 


4 


3 




X 




"o" 


10 
111 B2 Bi Bo 






Sfr-offset 


CY,A.bit 


CY^CYAA.bit 


6 


6 


2 




X 




T 


11 
1 1 B2 Bi Bo 


CY,/A.bit 


CY *- CY A A.bit 


6 


6 


2 




X 





11 







1 1 1 B2 Bi Bo 


CY.X.bit 


CY^CYAX.bit 


6 


6 


2 




X 




T 


11 
1 B2 Bi Bo 


CY,/X.bit 


CY*-CYAX.bit 


6 


6 


2 




X 





11 







1 1 B2 Bi Bo 


CY.PSWH.bit 


CY^CYAPSWH.bit 


6 


6 


2 




X 




T 


10 
1 1 B2 Bi Bo 


CY,/PSWH.bit 


CY^CYAPSWH.bit 


6 


6 


2 




X 




T 


10 
1 1 1 B2 Bi Bo 


CY.PSWLbit 


CY ^ CY A PSWL.bit 


6 


6 


2 




X 




T 


10 
1 B2 Bi Bo 


CY./PSWLbit 


CY^CYAPSWLbit 


6 


6 


2 




X 




T 


10 
1 1 B2 Bi Bo 


0R1 CY.saddr.bit 


CY ^ CY V (saddr.bit) 


6/7 


4 


3 




X 






10 

1 B2 Bi Bo 






Saddr-offset 


CY,/saddr.bit 


CY ^ CY V (saddr.bit) 


6/7 


4 


3 




X 




T 


10 

1 1 B2 Bi Bo 
Saddr-offset 
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Instructions (cont) 




Operation 


States 


Idle 
States 




Flags 




_ c 


peration Code (Bits 7-0) 


Mnemonic Operand 


Bytes S 


Z AC P/V SUB CY 


Bytes B1 thru B5 


Bit Manipulation (cont) 


0R1 CY.sfr.bit 
(cont) 


CY — CY V sfr.bit 


7 


4 


3 




X 





10 

1 1 B2 Bi Bo 

Sfr-offset 


CY,/sfr.bit 


CY ^ CY V sfr.bit 


7 


4 


3 




X 





10 

1 1 1 B2 Bi Bo 

Sfr-offset 


CY,A.bit 


CY — CY V A.bit 


6 


6 


2 




X 






11 

1 1 B2 Bi Bo 


CY,/A.bit 


CY ^ CY V A.bit 


6 


6 


2 




X 





11 

1 1 1 B2 Bi Bo 


CY,X.bit 


CY — CY V X.bit 


6 


6 


2 




X 





11 







1 B2 Bi Bo 


CY,/X.bit 


CY — CY V X.bit 


6 


6 


2 




X 




T 


11 

1 1 B2 Bi Bo 


CY.PSWH.bit 


CY — CY V PSWH.bit 


6 


6 


2 




X 




T 


10 

1 1 B2 Bi Bo 


CY./PSWH.bit 


CY ^ CY V PSWH.bit 


6 


6 


2 




X 





10 

1 1 1 B2 Bi Bo 


CY.PSWLbit 


CY — CY V PSWLbit 


6 


6 


2 




X 





10 

1 B2 Bi Bo 


CY,/PSWLbit 


CY ^ CY V PSWLbit 


6 


6 


2 




X 




T 


10 

1 1 B2 Bi Bo 


X0R1 CY.saddr.bit 


CY^CY-V-(saddr.blt) 


6/7 


4 


3 




X 





10 

1 1 B2 Bi Bo 
Saddr-offset 


CY.sfr.bit 


CY^CYV- sfr.bit 


7 


4 


3 




X 




T 


10 

1 1 1 B2 Bi Bo 

Sfr-offset 


CY,A.bit 


CY^CY¥-A.bit 


6 


6 


2 




X 





11 

1 1 1 B2 Bi Bo 


CY,X.bit 


CY^CY¥-X.bit 


6 


6 


2 




X 





11 







1 1 B2 Bi Bo 


CY.PSWH.bit 


CY — CY-V- PSWH.bit 


6 


6 


2 




X 





10 

1 1 1 B2 Bi Bo 


CY.PSWLbit 


CY^CYV- PSWLbit 


6 


6 


2 




X 




T 


10 

1 1 B2 Bi Bo 
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Instructions (cont) 




Operation 


States 


Idie 
States 


Bytes 


Fiags 


_ t 


Iperation Code (Bits 7-0) 


Mnemonic Operand 


S Z AC P/V SUB CY 


Bytes B1 thru B5 


Bit Manipulation (cont) 


SET1 saddr.bit 


(saddr.bit) *- 1 


5/7 


1 


2 






11 B2 Bi Bo 






Saddr-offset 


sfr.bit 


sfr.bit ^1 


8 


2 


3 




— 


10 
1 B2 Bi Bo 






Sfr-offset 


A.bit 


A.bit — 1 


7 


7 


2 




— ■ 


11 
1 B2 Bi Bo 


X.bit 


X.bit *- 1 


7 


7 


2 






11 






B2 Bi Bo 


PSWH.bit 


PSWH.bit — 1 


8 


8 


2 






10 






1 B2 Bi Bo 


PSWL.bit 


PSWLbit ^ 1 


8 


8 


2 


X X X X XX 


— 


10 
B2 Bi Bo 


CLR1 saddr.bit 


(saddr.bit) ^0 


5/7 


1 


2 




— 


1 B2 Bi Bo 
Saddr-offset 


sfr.bit 


sfr.bit *- 


8 


2 


3 




— 


10 
1 1 B2 Bi Bo 
Sfr-offset 


A.bit 


A.bit ^ 


7 


7 


2 




— 


11 
1 1 B2 Bi Bo 


X.bit 


X.bit^O 


7 


7 


2 




— 


11 
1 B2 Bi Bo 


PSWH.bit 


PSWH.bit *- 


8 


8 


2 




— 


10 
1 1 B2 Bi Bo 


PSWLbit 


PSWLbit — 


8 


8 


2 


X X X X XX 


— 


10 
1 B2 B-i Bo 


N0T1 saddr.bit 


(saddr.bit) ^ (saddr.bit) 


6/8 


2 


3 







10 







1 1 1 B2 Bi Bo 
Saddr-offset 


sfr.bit 


sfr.bit ^ sfr.bit 


8 


2 


3 








10 

1 1 1 1 B2 Bi Bo 

Sfr-offset 


A.bit 


A.bit ^ A.bit 


7 


7 


2 







11 

1 11 1 B2 Bi Bo 


X.bit 


X.bit — X.bit 


7 


7 


2 







1 1 

1 1 1 B2 Bi Bo 


PSWH.bit 


PSWH.bit *- PSWH.bit 


8 


8 


2 







10 

1 1 1 1 B2 Bi Bo 


PSWL.bit 


PSWLbit ^ PSWLbit 


8 


8 


2 


X X X X X X 





10 

1 1 1 B2 Bi Bo 
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Instructions (cont) 




Operation 


States 


Idie 
States 




Flags 




Operation Code (Bits 7-0) 


Mnemonic Operand 


Bytes S 


Z AC P/V 


SUB CY 


Bytes B1 thru B5 


Bit Manipulation (cont) 


SET1 CY 


CY^I 


3 


3 


1 




1 


10 1 


CLR1 CY 


CY — 


3 


3 


1 







10 


N0T1 CY 


CY — CY 


3 


3 


1 




X 


10 10 


Call/Return 


CALL !addr16 


(SP-1)-(PC + 3)h. 
(SP-2) — (PC + 3)l, 
PC — addr16. 
SP— SP-2 


8 





3 






10 10 
Low addr 




High addr 


CALLF !addr11 


(SP-1)-(PC + 2)h. 
(SP-2) — (PC + 2)l, 
PC — addrll, 
SP — SP-2 


8 





2 






10 10 fio tg t8 
f7 f6 f5 U h h h k 



CALLT 



[addrS] 



BRK 



(SP-1)-(PC + 1)h. 

(SP-2) — (PC + 1)l, 

PCh — (TPF X 8000H 

+ addr5 + 1), 

PCl — (TPF X 8000H 

+ addrS), 

SP — SP-2 



13 



(SP-1) — PSWh, 
(SP - 2) — PSWl, 
(SP-3)-(PC + 1)h, 
(SP-4) — (PC + 1)l. 
PCl ^ (003EH), 
PCh *- (003FH), 
SP — SP-4 
IE — 



20 



1 1 1 t4 t3 t2 ti to 



CALL 


rpl 


(SP-1)-(PC + 2)h, 
(SP-2) — (PC + 2)l, 
PCH*-rplH,PCL^rplL, 
SP — SP-2 


9 





2 


10 1 
1 1 1 Q2 Qi Qo 




[rpl] 


(SP-1)-(PC + 2)h. 
(SP-2) — (PC + 2)l, 

PCH-(rp1)H.PCL-(rp1)L. 
SP — SP-2 


11 





2 


10 1 




1 1 1 1 Q2 Qi Qo 



10 11110 



RET 



PCl *- (SP), 
PCh-(SP + 1). 
SP — SP + 2 



10 10 110 



RETI 



PCl-(SP), 
PCh-(SP + 1). 
PSWl *- (SP + 2), 
PSWh *- (SP + 3), 
SP — SP + 4, 
EOS — 



14 



1 RRRRRR01010111 



Stack Manipulation 


PUSH post 


((SP-D-rppH,* 

(SP-2)-rppL. 

SP-SP-2)xn 


41+4n 


41 


2 


110 10 1 
Post byte 


PSW 


(SP-1) — PSWh, 
(SP - 2) — PSWl, 
SP — SP-2 


5 


1 


1 


10 10 1 



*rpp refers to register pairs specified in post byte, n is the number of register pairs specified in post byte. 
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Instructions (cont) 




Operand 


Operation 


States 


Idle 
States 


Flags 


_ Operation Code (Bits 7-0) 


Mnemonic 


Bytes S Z AC P/V SUB CY 


Bytes B1 thru B5 


Stack Manipulation (cont) 


PUSHU post 




((UP-D-rppH,* 
(UP-2)-rppL, 
UP — UP-2)xn 


42+4n 


42 


2 


110 111 




Post byte 


POP post 




(rppL<-(SP),* 
rppH — (SP + 1), 
SP — SP + 2)xn 


41+5n 


41+n 


2 


110 10 




Post byte 


PSW 




PSWl *- (SP), 
PSWh — (SP + 1). 
SP — SP + 2 


6 


2 


1 R R R R R R 


10 10 


POPU post 




(rppL-(UP),* 
rppH-(UP + 1), 
UP — UP + 2)xn 


42+5n 


42+n 


2 


110 110 




Post byte 



MOVW SR#word 



SP — word 



10 11 
1111110 



Low byte 



Higli byte 



SP.AX 


SP — AX 


4 





2 




T 




1 




1 


1 
1 1 


1 1 

1 


AX,SP 


AX — SP 


4 


1 


2 











1 


1 




1 


1 


1 


1 1 


1 


INCW SP 


SP — SP + 1 


5 


5 


2 




1 




1 




T 



1 


1 1 



DECW SP 


SP — SP-1 


5 


5 


2 




1 




1 




T 



1 


1 1 
1 


Unconditional Branch 


BR !addr16 


PC — addrie 


4 





3 








10 110 
Low addr 








High addr 


rpl 


PCH^rplH,PCL-rplL 


5 





2 




T 




T 







1 


1 1 
Q2 Qi Qo 


[rpl] 


PCH-(rp1)H,PCL*-(rp1)L 


8 





2 







T 



T 



1 


1 1 
Q2 Qi Qq 


$addr16 


PC — addrie 


7 





2 











1 
jdisp 


1 


Conditional Branch 


BC $addr16 


PC — addrie if CY = 1 


7(3) 


0(3) 


2 


1 











1 1 


orBL** 








jdisp 




BNC $addr16 
or BNL** 


PC — addrie if CY = 


7(3) 


0(3) 


2 


1 









jdisp 


1 


BZ $addr16 


PC — addrie if Z = 1 


7(3) 


0(3) 


2 


1 











1 


or BE** 








jdisp 





*rpp refers to register pairs specified in post byte, n is the number of register pairs specified in post byte. 
*Either of the two mnemonics may be used. 
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sfr.bit,$addr16 PC ^ addr16 if 
sf r.bit = 1 



11(8) 0(5) 



Instructions (cont) 




Operand 


Operation 


States 


idie 
States 


Bytes 1 


Fiags J 


Iperation Code | 
Bytes B1 tlir 


Bits 7-0) 


Mnemonic 


S Z AC P/V SUB CY 


uB5 


Conditional Branch (cont) 


BNZ 


$addr16 


PC ^ addr16 if Z = 


7(3) 


0(3) 


2 
















or BNE** 








jdisp 




BV 

or BPE** 


$addr16 


PC ^ addr16 if P/V = 1 


7(3) 


0(3) 


2 


— 









jdisp 


1 1 


BNV 


$addr16 


PC — addr16 if P/V = 


7(3) 


0(3) 


2 













1 


or BPO** 








jdisp 




BN 


$addr16 


PC ^ addr16 if S = 1 


7(3) 


0(3) 


2 













1 1 1 










jdisp 




BP 


$addr16 


PC^addr16ifS = 


7(3) 


0(3) 


2 













1 1 










jdisp 




BGT 


$addr16 


PC — addr16 if 
(P/V-V-S)VZ = 


9(5) 


0(5) 


3 


— 







1 




1 1 


1 1 1 

1 1 










jdisp 




BGE 


$addr16 


PC^addr16ifP/V¥-S = 


9(5) 


0(5) 


3 












1 1 1 








1 


1 1 


1 










jdisp 




BLT 


$addr16 


PC^addr16ifP/VA^S = 1 


9(5) 


0(5) 


3 












1 1 1 




— 




1 


1 1 
jdisp 





BLE 


$addr16 


PC ^ addr16 if 
(P/V-V-S)VZ = 1 


9(5) 


0(5) 


3 


— 


— 




1 




1 1 
jdisp 


1 1 1 

1 


BH 


$addr16 


PC — addr16ifZVCY = 


9(5) 


0(5) 


3 


— 






T 




1 1 


1 1 1 

1 1 










jdisp 




BNH 


$addr16 


PC — addr16ifZVCY = 1 


9(5) 


0(5) 


3 


— 







1 




1 1 
jdisp 


1 1 1 

1 


BT 


saddr.bit,$addr16 


PC — addrie if 
(saddr.bit) = 1 


9(6)/ 
10(7) 


0(4) 


3 







1 1 B2 Bi Bo 
Saddr-offset 










jdisp 





10 

1 1 1 1 B2 Bi Bq 

Sfr-offset 













jdisp 


A.bit,$addr16 


PC — addr16 if A.bit = 1 


10(7) 


0(7) 


3 


11 

1 1 1 1 B2 Bi Bo 




jdisp 



*Eitlier of Xhe two mnemonics may be used. 
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BF 



saddr.bit,$addr16 PC *- addr16 if 
(saddr.bit) = 



10(7)/ 0(5) 
11(8) 



Instructions (cont) 




States 


Idle 
States 


Bytes 


Flags 


_ C 


Iperatlon Code (Bits 7-0) 


Mnemonic Operand Operation 


S Z AC P/V SUB CY 


Bytes BI thru B5 


Conditional Branch (cont) 


BT (cont) X.bit,$addr16 PC — addr16 if X.bit = 1 


10(7) 


0(7) 


3 







11 




1 


1 1 B2 Bf Bo 
jdisp 


PSWH.bit,$addr16 PC — addr16 if 
PSWH.bit = 1 


10(7) 


0(7) 


3 






1 


10 
1 1 1 B2 Bi Bo 






jdisp 


PSWLbit,$addr16 PC *- addr16 if 
PSWLbit = 1 


10(7) 


0(7) 


3 






T 


10 
1 1 B2 Bi Bo 
jdisp 



10 

1 1 82 Bi Bo 

Saddr-offset 



jdisp 



sfr.bit,$addr16 PC — addr16 if sfr.bit = 11(8) 0(5) 4 



BTCLR saddr.bit,$addr16 PC ^ addr16 if 
(saddr.bit) = 1; 
tiien reset (saddr.bit) 



12(7)/ 0(5) 4 

14(8) 



10 

1 1 1 B2 Bi Bo 

Sfr-offset 
jdisp 



A.bit,$addr16 


PC ^addrie if A.bit = 


10(7) 


0(7) 


3 



1 




T 




1 



1 
jdisp 


1 1 
B2 Bi Bo 


X.bit,$addr16 


PC — addr16ifX.bit = 


10(7) 


0(7) 


3 














1 1 




1 





1 



jdisp 


B2 Bi Bo 


PSWH.bit,$addr16 


PC — addr16 if 
PSWH.bit = 


10(7) 


0(7) 


3 



1 




T 




1 



1 
jdisp 


1 
B2 Bi Bo 


PSWL.bit,$addr16 


PC — addrie if 
PSWLbit = 


10(7) 


0(7) 


3 




1 




T 




T 




jdisp 


1 
B2 Bi Bo 



10 

1 1 1 B2 Bi Bo 

Saddr-offset 



jdisp 



sfr.bit,$addr16 PC *- addr16 if 
sfr.bit = 1; 
then reset sfr.bit 



14(8) 0(5) 



10 

1 1 1 1 B2 Bi Bo 

Sfr-offset 













jdisp 


A.bit,$addr16 


PC — addrie if A.bit = 1; 
then reset A.bit 


11(7) 


0(7) 


3 


11 

1 1 1 1 B2 Bi Bo 




jdisp 
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Instructions (cont) 




Operation 


States 


Idie 
States 


Fiags 


_ t 


Iperatiol 
Byte; 


n Code (Bits 7-0) 


Mnemonic Operand 


Bytes S Z AC P/V SUB CY 


s BI tliru B5 


Conditional Branch (cont) 


BTCLR X.bit.$addr16 


PC — addr16ifX.bit = 1; 
then reset X-bit 


11(7) 


0(7) 


3 








11 


(cont) 


1 


1 


1 B2 Bi Bo 








jdisp 


PSWH-bit,$addr16 


PC — addr16 if 
PSWH.bit = 1; 
then reset PSWH.bit 


12(7) 


0(7) 


3 




1 




1 


10 

1 1 B2 Bi Bo 








jdisp 


PSWLbit,$addr16 


PC *- addr16 if 
PSWLbit = 1; 
then reset PSWLbit 


12(7) 


0(7) 


3 X X X X X X 




1 




1 


10 

1 B2 Bi Bo 
jdisp 



BFSET 



saddr.bit,$addr16 PC *- addr16 if 12(7)/ 0(5) 

(saddr.bit) = 0; 14(8) 

then set (saddr.bit) 



10 

1 1 B2 Bi Bo 

Saddr-offset 



jdisp 



sfr.bit,$addr16 PC *- addr16 if sfr.bit = 0; 
then set sfr.bit 



14(8) 0(5) 



10 

1 1 1 B2 Bi Bo 

Sfr-offset 
jdisp 





A.bit,$addr16 


PC — addrie if A.bit = 
then set A.bit 


= 0; 


11(7) 


0(7) 


3 



1 




1 






1 
jdisp 


1 1 
B2 Bi Bo 




X.bit,$addr16 


PC — addrie if X.bit = 
then set X.bit 


= 0; 


11(7) 


0(7) 


3 



T 




1 








jdisp 


1 1 
B2 Bi Bo 




PSWH.bit,$addr16 


PC — addrie if 
PSWH.bit = 0; 
then set PSWH.bit 




12(7) 


0(7) 


3 














1 




1 


1 





1 


B2 Bi Bo 










jdisp 






PSWLbit,$addr16 


PC — addrie if 
PSWLbit = 0; 
then set PSWLbit 




12(7) 


0(7) 


3 XXX 


X X X 

T 




1 




T 




jdisp 


1 
B2 Bi Bo 


DBNZ 


r2,$addr16 


r2 — r2 - 1; 

then PC — addrie if r2 ^ 


8(5) 


0(5) 


2 








1 


1 
jdisp 


1 Co 




saddr,$addr16 


(saddr) — (saddr) - 1 
then PC — addrie if 
saddr #0 




9(6)/ 
11(8) 


0(2) 


3 








1110 11 
Saddr-offset 










jdisp 
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Instructions (cont) 




Operand 


Operation 


States 


Idle 
States 


Bytes 






Flags 




_ Operation Code 
Bytes B1 thi 


(Bits 7-0) 


Mnemonic 


S 


z 


AC 


P/V SUB CY 


-uB5 


Context Switch 


BRKCS 


RBn 


PCh ^-* R5, PCl *-* R4, 
R7 ^ PSWh, R6 *- PSWl, 
RBS2-RBS0 — n, 
RSS — 0, IE ^ 


12 





2 



























1 1 




1 


1 





1 


1 


N2 Ni No 


RETCS 


!addr16 


PCh — R5, PCl ^ R4, 
R5, R4 ^ !addr16, 
PSWh — R7, 
PSWl ^ R6, EOS ^ 


6 





3 


R 


R 


R 


R F 


^ R 








10 10 1 
Low addr 








High addr 


String 


MOVIVI 


[DE+],A 


(DE+) — A, C — C - 1 
End if C = 


2+7n 
(4+7n) 


2+5n 
(3+5n) 


2 























1 
T 






1 1 





[DE-],A 


(DE-) ^ A, C ^ C - 1 
End If C = 


2+7n 
(4+7n) 


2+5n 
(3+5n) 


2 


















T 



T 


— 






1 1 



MOVBK 


[DE+],[HL+] 


(DE+) ^ (HL+), C — C - 1 
EndifC = 


2+10n 
(4+10n) 


2+6n 
(3+6n) 


2 





















1 


— 






1 1 





[DE-],[HL-] 


(DE-) — (HL-), C ^ C - 1 
End if C = 


2+10n 
(4+10n) 


2+6n 
(3+6n) 


2 


























1 1 










1 










XCHM 


[DE+],A 


(DE+) — * A, C ^ C - 1 
EndifC = 


2+12n 
(4+12n) 


2+6n 
(3+6n) 


2 






















T 


— 






1 1 
1 




[DE-],A 


(DE-) ~ A, C — C - 1 
End if C = 


2+12n 
(4+12n) 


2+6n 
(3+6n) 


2 





















T 


— 






1 1 
1 


XCHBK 


[DE+],[HL+] 


(DE+) — * (HL+), C — C - 
End if C = 


1 2-f15n 
(4+15n) 


2+7n 
(3+7n) 


2 


















T 




1 


— 






1 1 
1 




[DE-],[HL-] 


(DE-) — ^ (HL-), C ^ C - 
End if C = 


1 2+15n 
(4+15n) 


2+7n 
(3+7n) 


2 














T 








T 


— 






1 1 
1 


CMPIVIE 


[DE+],A 


(DE+) - A, C ^ C - 1 
EndifC = OorZ = 


2+7n 
(4+7n) 


2+5n 
(3+5n) 


2 


X 


X 


X 


V ■ 


X 
















1 1 


















1 




[DE-],A 


(DE-) - A, C *- C - 1 
EndifC = OorZ = 


2+7n 
(4+7n) 


2+5n 
(3+5n) 


2 


X 


X 


X 


V 


X 




"o~ 




T 





— 




T 


1 1 
1 


CMPBKE 


[DE+],[HL+] 


(DE+) - (HL+). C — C - 1 
EndifC = OorZ = 


2+10n 
(4+10n) 


2+6n 
(3+6n) 


2 


X 


X 


X 


V 


X 
















1 1 










1 







1 




[DE-].[HL-] 


(DE-) - (HL-), C ^ C - 1 
EndifC = OorZ = 


2+10n 
(4+10n) 


2+6n 
(3+6n) 


2 


X 


X 


X 


V 


X 




"o" 




T 




T 


— 




T 


1 1 
1 


CMPIVINE 


[DE+],A 


(DE+)-A,C^C-1 
EndifC = 0orZ = 1 


2+7n 
(4+7n) 


2+5n 
(3+5n) 


2 


X 


X 


X 


V 


X 




T 




T 




T 


— 




T 


1 1 
1 1 




[DE-],A 


(DE-) - A, C — C - 1 
End if C = or Z = 1 


2+7n 
(4+7n) 


2+5n 
(3+5n) 


2 


X 


X 


X 


V 


1 X 




T 




T 




T 


— 




T 


1 1 
1 1 


CIVIPBKNE 


[DE+],[HL+] 


(DE+)-(HL+),C — C-1 
End if C = or Z = 1 


2+10n 
(4+10n) 


2+6n 
(3+6n) 


2 


X 


X 


X 


V 


1 X 
















1 1 










1 








1 1 




[DE-].[HL-] 


(DE-) - (HL-), C ^ C - 1 
End if C = or Z = 1 


2+10n 
(4+10n) 


2+6n 
(3+6n) 


2 


X 


X 


X 


V 


1 X 










1 


— 




T 


1 1 
1 1 
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MOV STBC,#byte 



Instructions 


idle '''^OS Operation Code (Bits 7-0) 


iVInemonIc Operand Operation States States Bytes S Z AC P/V SUB CY Bytes B1 tiiru B5 


String (cont) 


CMPMC [DE+],A (DE+)-A,C^C-1 2+7n 2+5n 2 XXXV 1X00010101 
EndifC = OorCY = (4+7n) (3+5n) 1 1 1 


[DE-],A (DE-)-A,C*-C-1 2+7n 2+5n 2 XXXV 1X00010101 
EndifC = OorCY = (4+7n) (3+5n) 10 111 


CMPBKC IDE+MHL+] (DE+) - (HL+), C *- C - 1 2+10n 2+6n 2 XXXV 1X00010101 
EndifC = OorCY = (4+10n) (3+6n) 10 111 


[DE-UHL-] (DE-) - (HL-), C *- C - 1 2+10n 2+6n 2 XXXV 1X00010101 
EndifC = OorCY = (4+10n) (3+6n) 110 111 


CMPMNC [DE+],A (DE+) - A, C^ C - 1 2+7n 2+5n 2 XXXV 1X00010101 
EndifC = 0orCY = 1 (4+7n) (3+5n) 110 


[DE-],A (DE-)-A,C^C-1 2+7n 2-H5n 2 XXXV 1X00010101 
EndifC = 0orCY = 1 (4+7n) (3+5n) 10 110 


CMPBKNC [DE+].[HL+] (DE+) - (HL+), C *- C - 1 2+10n 2+6n 2 XXXV 1X00010101 
EndifC = 0orCY = 1 (4+10n) (3+6n) 10 110 


[DE-],[HL-] (DE-) - (HL-), C ^ C - 1 2+10n 2+6n 2 XXXV 1X00010101 
EndifC = 0orCY = 1 (4+10n) (3+6n) 110 110 


CPU Control 



STBC *- byte 



10 1 
10 10 



Data 



Data 



WDM,#byte 



WDM ^ byte 



SWRS 




RSS — RSS 


3 


3 


1 


10 11 


SEL 


RBn 


RSS — 0,RBS2-RBS0*-n 


4 


4 


2 


10 1 

1 1 1 N2 Ni No 




RBn.ALT 


RSS — 1, RBS2-RBS0 *- n 


4 


4 


2 


10 1 

1 1 1 1 N2 Ni No 


NOP 




No operation 


3 


3 


1 





El 




IE *- 1 (Enable interrupt) 


3 


3 


1 


10 10 11 


Dl 




IE — (Disable interrupt) 


3 


3 


1 


10 10 10 



10 1 
10 10 

DaFa 

Data 
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jLfPD7832x 

Advanced S/IG-Bit, 

Real Time Control Microcomputer 

With A/D Converter 



Description 

The/iPD7832x (78320, 78322) is a single-Chip microcom- 
puter designed for process control. It features a 16-bit 
CPy, an 8-bit external data bus, and a powerful set of 
on-chip peripherals including counters and timers, an 
A/D converter, two serial ports, and a maximum of 55 
input/output lines. 

An advanced interrupt handling facility includes a 
three-level program-controlled hardware priority inter- 
rupt controller and three separate methods of handling 
interrupt requests. It is manufactured of 1.^ CMOS 
process, operates from a single 5 V power supply, and 
has a maximum oscillator frequency of 16 MHz. 

The JL/PD7832X has 16K bytes of on-chip mask- 
programmed ROM, and the /iPD78320 Is a ROM-less 
version. Both chips have 640 bytes of on-chip RAM and 
are supplied In a 68-pin PLOC or 74-pln plastic QFP 
package. 

The JL/PD7832X has an interface for a special dedicated 
memory chip, the/iPD71P301. The juPD71 P301 includes 
memory, interface circuitry, and an instruction prefetch 
pointer. This makes it possible to fetch instructions from 
external memory at the same high speed at which they 
can be fetched from on-chip ROM. 

The primary applications of the /iPD7832x include au- 
tomotive engine control, antilock braking control, and 
control of computer disks and tapes. Its speed and 
powerful on-chip peripherals, however, make it suitable 
for all of the more demanding types of process control. 

Features 

D Complete single-chip microcomputer 

— 16-bit ALU 

— 16K bytes of ROM (fjPD7Q322 only) 

— 640 bytes RAM 

° Powerful instruction set 

— 16-blt multiply and divide 

— 1-bit and 8-blt logic instructions 

— String instructions 

° Minimum Instruction time 

— 250 ns @ 16-MHz input 

D 3-byte instruction prefetch queue 

° Memory expansion 

— 8085 bus compatible 

— 64K-byte address space 

— High-speed fetch from external memory 



n Large I/O capacity 

— Up to 55 I/O port lines 

° Special Interface for turbo access manager (TAM) 
jiiPD71P301 

° Memory-mapped on-chip peripherals 
(special function registers) 

° Multipurpose pulse input/output unit 

— 16-/18-bit free-running timer 

— 16-bit timer/event counter 

— Six 16-bit compare registers 

— Four 18-bit capture registers 
—Two 18-bit capture/compare registers 
-Six external Interrupt/capture lines 

— One external event counter/interrupt line 

— Six timer-controlled output lines 

a 10-bit, 8-channel analog to digital converter 

— On-chip sample and hold amplifier 

n Two-channel serial communication Interface 
—Asynchronous serial interface (UART) 

— Serial bus Interface 

— Dedicated baud rate generator 

a Programmable priority Interrupt controller (3 levels) 

° Three methods of interrupt service 
—Vectored interrupts 

— Context switching with hardware save of all 
general registers 

— Nine macroservlce functions 

n Watchdog timer with dedicated output 
D STOP and HALT standby functions 
D Single 5-volt power supply 

Ordering Information 



Part Number 


On-Chip ROM 


Package Type 


//PD78320L 


No 


68-pin PLCC 


//PD78320GJ-5BJ 


No 


74-pin plastic QFP 


/iPD78322L-xxx 


Yes 


68-pin PLCC 


/iPD78322GJ-xxx-5BJ 


Yes 


74-pln plastic QFP 



XXX is the mask code number 
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Pin Configurations 
68-Pin PLCC 









nnnnnnnnnnnnnnnnn 








Xo>oorv«>u)^coevj^g55gg3gg5 




P3o^xD C 


10 Q 60 


3 P7i/AN1 




P3l/RxD C 


11 59 1 P7o/ANO 




P32/SO/SB0 C 


12 58 DAVss 




P33/SI/SB1 C 


13 57 


:ivdd 




P34/SCK C 


14 56 D P57/A15 




PSq/TOOO C 


15 55 3 P56/A14 




P81/TOOI C 


16 54 1 P55/A13 




P82/rO02 C 


17 53 D P54/A12 




P83A-O03 C 


18 52 1 P53/A11 




P84/TOIOC 


19 51 1 P52/A10 




P85n-011 C 


20 50 D P5i/A9 




RESET C 


21 49 D P5o/A8 




X2C 


22 48 


3 P47/AD7 




X1C 


23 47 


3 P46/AD6 




VssC 


24 46 


H P45/AD5 




WDTOC 


25 45 


3 P44/AD4 




RTPq/POo E 


26 44 


3 P43/AD3 






uuuuuuuuuuuuuuuuu 




^ ^ ^ ^ •? «> 'M< w Q |W IOC iQ CD r- i^' 

££222221^ "^skl^lttKQQQ 






83RD-6731B 
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Pin Configuration (cont) 
74'Pin Plastic QFP 





a.Q.Q.<Q.Q.Q.0.>|Liia.Q.Q-Q.CLa.Q.S:2 








nnnnnnnnnnnnnnnnnn 








56 


D POq/RTPO 




P43/AD3 E 


1O 55 


D WDTO 






P44/AD4 c 


2 54 13 Vss 






P45/AD5 c 


3 53 


Die 






P46/AD6 C 


4 52 


DX1 






P47/AD7 C 


5 51 


DX2 






P5o/A8 C 


6 50 


D RESET 






P51/A9 c 


7 49 


3 P85/TO1 1 






P52/A10 C 


8 48 


D P84/TOIO 






P53/A11 C 


9 47 


D P83/TOO3 






P54/A12 c 


10 46 


3 P82yTO02 






P55/A13 d 


11 45 


3 P8i/rooi 






ICC 


12 44 


D P8o/rooo 






P56/Ai4i: 


13 43 


DNC 






P57/A15C: 


14 42 


D P34/SCK 






VddI= 


15 41 


D P33/SI/SB1 






AVssC 


16 40 


3 P32/SO/SBO 






P70/AN0 C 


17 39 


3 P3i/RxD 






P7i/AN1 C 


^®?^§J^Si?3S8SE;iSSS«^??S^^S5^® 


D P3on-xD 






uuuuuuuuuuuuuuuuuuu 






iiiiii sill mill 1^ 




IC • Internally Connected • Do Not Connect Externally cl 


83RD-6730B 
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Pin Function 


Symbol First Function 


Symbol 


Second Function 


PO0-PO7 Port 0; 8-bit, bit selectable I/O port 


RTP0-RTP7 


Bit selectable, timer-controlled, real-time output 
port 



P2o 
P2i 
P22 
P23 
P24 
P25 
P26 
P27 



Port 2; 8-bit input port 



NMI 

INTPO 

INTP1 

INTP2 

INTP3 

INTP4 

INTP5 

INTP6/T1 



External nonmaskable Interrupt 

Maskable external interrupts; edge-selectable 



External interrupt or timer input 



P3o 
P3i 

P32 
P33 
P34 



P80 
P81 
P82 
P83 
P84 
P85 



X1,X2 



Port 3; 5-bit, bit selectable I/O port 



Port 8; 6-bit, bit selectable I/O port 



TxD Asynchronous serial transmit 

RxD Asysnchronous serial receive 

SO/SBO Synchronous serial line 

SI/SB 1 Synchronous serial line 

SCK Serial clock input or output 



P40-P47 


Port 4; 8-bit, byte selectable I/O port 


AD0-AD7 


Low-order byte of external address/data bus 


P50-P57 


Port 5; 8-bit, bit selectable I/O port 


A8-A15 


High-order byte of external address bus 


P7.P77 


Port 7; 8-bit input port 


AN0-AN7 


Inputs for A/D converter 



TOGO 
TO01 
TO02 
TO03 
TO10 
T011 



Timer (RPU) output lines 



P9o 
P9l 
P92 
P93 


Port 9; 4-bit, bit-selectable I/O port 


RD 
WR 
lAS 
TMD 


External read strobe 
External write strobe 
TAM strobe- 
TAM control 


ASTB 


External address latch strobe 






EA 


External access control; a high level enables 
access to on-chip ROM; a low level is applied if 
all program memory is external. Must be tied 
low for the /iPD78320. 






RESET 


External system reset input 






WDTO 


Watchdog timer output 







For frequency control of the internal clock 
oscillator, a crystal is connected to X1 and X2. 
If the clock is supplied by an external source, 
the clock signal is connected to XI and the 
inverted clock signal is connected to X2. 



AVref 



A/D converter reference voltage input 



AVdd 



A/D converter + 5-volt power input 



A/D converter ground 



VPD 

Vss 



+ 5-volt power input 
Ground 
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Execution 



Memory Control 



NMI (P2o) 



INTRO - INTP5 1 N 

(P21-P26) ^ ^ 



Programmable 
Interrupt 
Controller 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit 

The Central Processing Unit (CPU) of tlie )[*PD7832x 
features 16-bit arltlimetio including 16-by-16 bit multiply, 
both signed and unsigned, and 32-by-16 bit divide (pro- 
ducing a 32-blt quotient and 16-bit remainder). String 
instructions and both 8-bit and 1-bit logic instructions 
are included. 

Instructions range in length from one to five bytes, 
depending on the instruction and addressing mode. A 
1-byte call instruction can access up to 32 addresses 
specified in the CALLT vector table in lower memory. A 
2-byte call instruction can access any routine beginning 
in a specific CALLF area. A single instruction can test 
individual bits both in a portion of on-chip RAM and in 
the special function registers. 

A 3-byte instruction prefetch queue makes it possible to 
fetch instruction bytes on a separate bus during execu- 
tion cycles. Instructions are fetched from on-chip ROM at 
a rate of one byte per cycle. An interface Is provided for 
the i[iPD71P301 memory chip, called the Turbo Access 
Manager (TAM). TAM makes possible similar fetch rates 
from external memory. 

The CPU clock Is generated by dividing the oscillator 
frequency by two. Therefore, when the oscillator fre- 
quency is 16 MHz, the clock is 8 MHz. Some instructions 
execute in two cycles, and the minimum instruction time 
is 250 ns. 

Addressing 

The /aPD7832x features 1-byte addressing of both the 
special function registers and a portion of the on-chip 
RAM. The 1-byte sfr addressing accesses the entire SFR 
area, while the 1-byte saddr addressing accesses 32 
bytes of the SFR area and 224 bytes of the on-chip RAM. 
Nine modes for addressing main memory include index- 
ing, double indexing, autolncrement, and autodecre- 
ment. Main memory addressing can be used to access 
the entire 64K address space including the SFR area and 
RAM. There are also both 8-bit and 16-bit immediate 
operands. 



External Memory 

The external memory bus is 8 bits wide, and external 
memory can be used to fill up the 64K-bit address space. 
Either ROM or RAM (or both) can be used as required. 
The low order 8 bits of the address/data bus are multi- 
plexed, and are supplied by I/O port 4. High-order 
address bits are taken from port 5 as required. Address 
latch, read, and write strobes are provided. Two special 
control lines provide access to the TAM. The memory 
mode register controls the size of the external memory 
and the number of additional wait states. The high-order 
address uses 0, 4, 6, or 8 bits from port 5, depending on 
the amount of external memory required. Any remaining 
port 5 bits can be used for I/O. Figure 1 shows the 
memory map of the juPD7832x. 

General Registers 

Sixteen 8-bit general registers can be used in pairs to 
function as 16-bit registers. A complete set of 16 regis- 
ters is mapped into each of eight program selectable 
register banks stored in RAM. Three bits in the PSW 
(figure 2) specify which of the register banks Is active at 
any time. Registers have both functional names (A, AX, 
C, DE, etc.) and absolute names (R1, RPO, R2, RP6, etc.). 
Each instruction determines whether a register is re- 
ferred to by functional or absolute name and whether it 
is 8 or 16 bits. 

Two possible relationships may exist between the abso- 
lute and functional names of the first four register pairs. 
The RSS bit in the PSW determines which of these is 
active at any time. The effect Is that the accumulator and 
counter registers can be saved, and a new set can be 
specified by toggling the RSS bit. Figure 3 illustrates the 
general register configuration. 
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Input/Output 

Eight I/O ports range in size from 4 to 8 bits, providing a 
total of 55 I/O lines. All I/O lines have alternate control 
functions which can be specified under program control. 
All except ports 2, 4, and 7 can be specified for Input or 
output on an individual bit basis. Ports 2 and 7 are input 
(or control input) only. Port 4 is byte selectable for input, 
output, or control. 

Real-Time Output Port 

Port can function on a bit-selectable basis as a real- 
time output port. Real-time port bits can be directly 
written under program control, or they can be set or 
cleared under control of timing signals generated by the 
real-time pulse unit. This provides output timing that is 
Independent of interrupt latency. 

External Interrupts 

One nonmaskable and 7 maskable external interrupts 
share pins with port 2. The maskable interrupts can also 
be used to trigger capture events in the real-time pulse 
unit. Any masked Interrupt automatically becomes an 
Input line. INTP6 is also used as the counter input for 
timer TM1 when TM1 is used as an external event 
counter. 

Serial Ports 

The juPD7832x has two serial ports. The first is a stan- 
dard asynchronous serial port that shares pins with PSq 
(TxD) and P3i (RxD). It generates three interrupts INTST 
(transmit complete), INTSR (receive buffer full), and 
INTSER (receive error). 

The second serial port can be used in one of two modes. 
The first mode is a 3-wire I/O interface mode with send, 
receive, and clock lines. Data are sent and received most 
significant bit first, and the clock line can be driven 
either internally or externally The second mode is the 
2-wire NEC serial bus interface (SBI) mode. SBI features 
wake-up signals and distinction between commands, 
addresses, and data, all decoded by hardware. 

The synchronous serial port shares I/O pins with port 3 
bits 2-4 and generates a single interrupt, INTCSI. A 
dedicated baud rate generator is included so that all of 
the commonly used baud rates can be generated when 
the oscillator frequency is correctly chosen. 

Analog to Digital Converter 

An 8-channel 10-bit A/D converter provides a relative 
accuracy of 0.2% full scale. An on-chip sample-and-hold 
amplifier Is Included, and the eight input channels share 



pins with port 7. The A/D converter can be operated in 
either the scan mode (where either channels 0-3 or 4-7 
are repeatedly scanned) or the select mode (where a 
specific channel is selected and converted repeatedly). 
The conversion can be started either by software or by 
an external signal on INTP5. 

Real-Time Pulse Unit 

The real-time pulse unit (RPU, figure 4) consists of an 
18-bit free-running timer, TMO, 16-bit timer/counter, TM1, 
six 16-bit compare registers, four 18-bit capture regis- 
ters, two 18-bit registers which can be used for either 
capture or compare, and six timed output latches. TMO 
always counts the system clock (divided by either 4 or 8) 
and can be reset by external RESET only. TM1 can count 
either the system clock (divided by either 8 or 16) or 
external events. TM1 can be reset by either a compare 
event (a match between a timer and an associated 
compare register) or by an external signal in INTPO. 

Capture events can be triggered by external maskable 
interrupts INTP0-INTP5, and compare events can be 
used to generate interrupts, control timed output pins, or 
both. In addition, two of them, INTCM03 and INTCCXO, 
can be used to control the real-time output port. The 
timed output latches share pins with port 8. Four of them 
can be toggled or set and reset by compare events, and 
the remaining two can be toggled. These latches, with 
the macroservice facility, can be used to generate up to 
four pulse-width modulated outputs. 

Standby Modes 

HALT and STOP modes conserve power when CPU 
action is not required. In HALT mode, the CPU is stopped 
and the clock continues to run. Any unmasked interrupt 
can then restart the CPU. In STOP mode, the CPU and 
clock are both stopped. Either an external RESET pulse 
or an external nonmaskable interrupt is required to 
restart them. The standby control register (STBC) is a 
protected location and can be written to only by a 
special instruction. 

Watchdog Timer 

The watchdog timer protects against inadvertent pro- 
gram loops. A nonmaskable interrupt occurs if the timer 
is not reset before it overflows. Three program selectable 
Intervals are available: 8.19, 32.7, and 131.0 msec for a 
system clock frequency of 8 MHz. An output line is 
provided, which can be connected to the RESET pin or 
used to control external circuitry Once started, the 
timer can be stopped by external RESET only In addi- 
tion, the watchdog timer mode register, WDM, is a 
protected location and can be written to only by a 
special instruction. 
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Interrupt Handling 

The jttPD7832x has three different methods of handling 
maskable interrupt requests, standard vectoring, con- 
text switching, and macroservice. The programmer can 
choose the mode that is most advantageous in any given 
situation. The ^PD7832x has 19 maskable hardware 
interrupt sources: 7 external and 12 internal. In addition, 
there are two nonmaskable interrupts, two software 
interrupts, and a RESET. See table 1. 

Interrupt Priority 

The two nonmaskable interrupts, VM\ and INTWDT, take 
priority over all others. Their priority relative to each 
other is under program control. 



Three hardware controlled priority levels are available for 
the maskable interrupts. Any one of the three levels can 
be assigned by software to each of the maskable inter- 
rupt lines. Interrupt requests of a priority equal to or 
higher than the processor's current priority level are 
accepted. Requests of lower priority are pending until 
the processor's priority state is lowered by a return 
instruction from the current service routine. Interrupt 
requests programmed to be handled by macroservice 
have priority over all software Interrupt service regard- 
less of the assigned priority level. See figure 5. 

Software interrupts, the BRK and BRKCS instruction, 
and operation code trap, are executed regardless of the 
processor's priority level and do not alter the priority 
level. 
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Figure 5. Interrupt Service Sequence 
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Table f- Interrupt Sources 



Request 


Default 
Priority 


Mnemonic 


Source 


Vector 
Address 


Macroservlce 


Control 
Word* 


Software 


- 


BRK 


Break instruction 


003EH 


N 


- 


Software 


- 


TRAP 


Opcode trap 


003CH 


N 


- 


Nonmaskable 


-- 


NMI 


External NMI 


0002H 


N 


- 


Nonmaskable 


- 


INTWDT 


Watchdog timer 


0004H 


N 


- 


Maskable 





INTOV 


RPU 


0006H 


Y 


FE06H 


Maskable 


1 


INTPO 


RPU/External 


0008H 


Y 


FE08H 


Maskable 


2 


INTP1 


RPU/External 


OOOAH 


Y 


FEOAH 


Maskable 


3 


INTP2 


RPU/External 


OOOCH 


Y 


FEOCH 


Maskable 


4 


INTP3 


RPU/External 


OOOEH 


Y 


FEOEH 


Maskable 


5 


INTP4/INTCCX0 


RPU/External 


0010H 


Y 


FE10H 


Maskable 


6 


INTP5/INTCC01 


RPU/External 


0012H 


Y 


FE12H 


Maskable 


7 


INTP6 


External 


001 4H 


Y 


FE14H 


Maskable 


8 


INTCMOO 


RPU 


0016H 


Y 


FE16H 


Maskable 


9 


INTCM01 


RPU 


0018H 


Y 


FE18H 


Maskable 


10 


INTCM02 


RPU 


001AH 


Y 


FE1AH 


Maskable 


11 


INTCM03 


RPU 


001 CH 


Y 


FE1CH 


Maskable 


12 


INTCM10 


RPU 


001 EH 


Y 


FE1EH 


Maskable 


13 


INTCM11 


RPU 


0020H 


Y 


FE20H 


Maskable 


14 


INTSER 


UART 


0022H 


N 


- 


Maskable 


15 


INTSR 


UART 


0024H 


Y 


FE24H 


Maskable 


16 


INTST 


UART 


0026H 


Y 


FE26H 


Maskable 


17 


INTCSI 


Clocked serial interface 


0028H 


Y 


FE28H 


Maskable 


18 


INTAD 


A/D Converter 


002AH 


Y 


FE2AH 


RESET 


- 


RESET 


External reset 


OOOOH 


N 


- 



♦Address of macroservlce control word in on-chip RAM. 
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Vectored Interrupt 

When vectored interrupt is specified for a given interrupt 
request, tlie program status word and the program 
counter are saved on the stack, the processor's priority 
is raised to that specified for the interrupt, and the 
routine whose address is in the interrupt vector table is 
entered. At the completion of the service routine, the 
RETI instruction (or RETB instruction for software inter- 
rupts) reverses the process. 

Context Switch 

When context switching (figure 6) is specified for a given 
interrupt, the active register bank is changed to the 
register bank specified by the three low-order bits of the 
word in the interrupt vector table. The program counter 
is loaded from RP2 of the new register bank, and the 
program counter and program status word are saved in 
RP2 and RP3 of the new register bank. At the completion 
of the service routine, the RETCS instruction for routines 
entered from hardware requests, or the RETCSB instruc- 
tion for routines entered from the BRKCS instruction, 
reverses the process. These instructions have a 16-bit 
immediate operand which must be set to the entry 
address of the service routine. 

Macroservice 

When macroservice is specified for a given interrupt, the 
macroservice hardware performs any one of nine func- 
tions during cycles "stolen" from the executing program. 
Control Is then returned to the executing program, and 
the operation is therefore completely transparent. Mac- 
roservice significantly improves response time and 
makes it unnecessary to save any registers. 



For each request on the interrupt line, one operation is 
performed, and a counter is decremented. When the 
counter reaches zero (or when some other completion 
condition Is met), a software service routine is entered. 
Either vectored interrupt or context switch can be spec- 
ified for entry to the completion routine, and the routine 
is entered according to the specified priority 

Macroservice is provided for ail but one of the maskable 
interrupt requests, and each has a specific macroser- 
vice control wprd stored In on-chip RAM. The function to 
be performed is specified in the control word. 

The nine macroservice functions are as follows: 

Function Description 

EVTC NT Event counter 

DTACMP Data compare 

BITSHT Bit shift 

BITLOG Bit logic 

ADCBUF A/D converter buffering 

BLKTRS Block transfer 

DTADIF Data difference 

DTADIF-P Data difference-pointer 

DTADD Data addition 

The BLKTRS function moves either a byte or word of data 
In either direction between a specified special function 
register and a specified memory location. It therefore 
has an effect similar to that of a DMA channel. 
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Special-Function Registers 

The special-function registers (table 2) Include the I/O 
ports, the counters and timers, all registers associated 
with peripherals, and all of the control and mode regis- 
ters. They are memory mapped in the top 256 memory 

Tabie 2. Speciai-Function Registers 



addresses and can be addressed either by main memory 
addressing or by the special one byte sfr addressing. 
Most can be either read or written, and individual bits 
within them can be modified or tested with a single 
instruction. 





Register 




Symbol 


R/W 


Access Unit (Bits) 




Address 


1 


8 


16 


state after RESET 


FFOOH 


Porto 






PO 


R/W 


X 


X 


- 


Undefined 


FF02H 


Porta 






P2 


R 


- 


X 


- 


Undefined 


FF03H 


Porta 






P3 


R/W 


X 


X 


^ 


Undefined 


FF04H 


Port 4 






P4 


R/W 


X 


X 


- 


Undefined 


FF05H 


Ports 






P5 


R/W 


X 


X 


- 


Undefined 


FF07H 


Port? 






P7 


R 


- 


X 


- 


Undefined 


FF08H 


Ports 






P8 


R/W 


X 


X 


- 


Undefined 


FF09H 


Ports 






P9 


R/W 


X 


X 


- 


Undefined 


FFOAH-FFOBH 


Free-running counter (lower 16 bits)* 


TMOLW 


R 


- 


- 


X 


OOOOH 


FF10H-FF11H 


Capture register XO (lower 16 bits)* 


CTXOIW 


R 


- 


- 


X 


Undefined 


FF12H-FF13H 


Capture 


register 01 (lower 16 bits)* 


CTOIIW 


R 


- 


- 


X 


Undefined 


FF14H-FF15H 


Capture 


register 02 (lower 


16 bits)* 


CT021W 


R 


- 


- 


X 


Undefined 
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Table 2, Speciai-Funciion Registers (eoni) 




Register 


Symbol 


R/W 


Access Unit (Bits) 




Address 


1 


8 


16 


state after RESET 


FF16H-FF17H 


Capture register 03 (lower 16 bits)* 


CT03LW 


R 


- 


- 


X 


Undefined 


FF18H-FF19H 


Capture/compare register XO (lower 
16 bits)* 


CCXOLW 


R/W 


~ 


— 


X 


Undefined 


FF1AH-FF1BH 


Capture/compare register 01 (lower 
16 bits)* 


CCOIIW 


R/W 


— 


— 


X 


Undefined 


FF20H 


Port mode register 


PMO 


W 


- 


X 


- 


FFH 


FF23H 


Port 3 mode register 


PM3 


W 


- 


X 


- 


xxxl 1111B 


FF25H 


Port 5 mode register 


PM5 


W 


- 


X 


- 


FFH 


FF28H 


Port 8 mode register 


PM8 


W 


- 


X 


- 


xxll 1111B 


FF29H 


Port 9 mode register 


PM9 


W 


- 


X 


- 


XXXX1111B 


FF2AH.FF2BH 


Free running counter (high 16 bits)* 


TMOUW 


R 


- 


- 


X 


OOOOH 


FF2CH-FF2DH 


Timer register 1 (lower 16 bits)* 


TM1 


R 


- 


- 


X 


OOOOH 


FF30H-FF31H 


Capture register XO (High 16 bits)* 


CTXOUW 


R 


-- 


- 


X 


Undefined 


FF32H-FF33H 


Capture register 01 (High 16 bits)* 


CT01UW 


R 


- 


~ 


X 


Undefined 


FF34H-FF35H 


Capture register 02 (High 16 bits)* 


CT02UW 


R 


- 


- 


X 


Undefined 


FF36H-FF37H 


Capture register 03 (High 16 bits)* 


CT03UW 


R 


- 


- 


X 


Undefined 


FF38H-FF39H 


Capture/compare register XO 
(high 16 bits)* 


CCXOUW 


R/W 


- 


- 


X 


Undefined 


FF3AH-FF3BH 


Capture/compare register 01 
(high 16 bits)* 


CC01UW 


R/W 


— 


— 


X 


Undefined 


FF40H 


Port mode control register 


PMCO 


W 


- 


X 


. ~ 


OOH 


FF41H 


Real-time output port set register 


RTFS 


R/W 


X 


X 


- 


OOH 


FF43H 


Port 3 mode control register 


PMC3 


W 


~ 


X 


~ 


xxxOOOOOB 


FF48H 


Port 8 mode control register 


PMC8 


W 


- 


X 


- 


xxOOOOOOB 


FF4CH-FF4DH 


Baud rate generator 


BRG 


R/W 


- 


- 


X 


Undefined 


FF60H 


Real-time output port register 


RTF 


R/W 


X 


X 


-- 


Undefined 


FF61H 


Real-time output port reset register 


RTPR 


R/W 


X 


X 


- 


OOH 


FF62H 


Port read control register 


PRDC 


R/W 


X 


X 


~ 


OOH 


FF68H 


A/D converter mode register 


ADM 


R/W 


X 


X 


' - 


OOH 


FF6AH 


A/D converter result register 
(16-bit access) 


ADCR 


R 


~ 


- 


X 


Undefined 


FF6BH 


A/D converter result register 
(high 8 bits) 


ADCRH 


R 


~ 


X 


— 


undefined 


FF70H-FF71H 


Compare register 00 


CMOO 


R/W 


- 


- 


X 


Undefined 


FF72H-FF73H 


Compare register 01 


CM01 


R/W 


- 


- 


X 


Undefined 


FF74H-FF75H 


Compare register 02 


CM02 


R/W 


-- 


- 


X 


Undefined 


FF76H-FF77H 


Compare register 03 


CM03 


R/W 


- 


- 


X 


Undefined 


FF7CH-FF7DH 


Compare register 10 


CM 10 


R/W 


- 


- 


X 


Undefined 


FF7EH-FF7FH 


Compare register 11 


CM11 


R/W 


- 


~ 


X 


Undefined 


FF80H 


Clock synchronized serial interface 
mode register 


CSIM 


R/W 


X 


X 


- 


OOH 


FF82H 


Serial bus interface control register 


8BIC 


R/W 


X 


X 


- 


OOH 
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Table 2. 


Special-Function Registers (cont) 
















Register 


Symbol 


R/W 


Access Unit (Bits) 




Address 


1 


8 


16 


state after RESET 


FF86H 


Serial I/O shift register 


SIO 


R/W 


X 


X 


- 


Undefined 


FF88H 


Asynchronous serial interface mode 
register 


ASIM 


R/W 


X 


X 


— 


80H 


FF8AH 


Asynchronous serial Interface 
status register 


ASIS 


R 


- 


X 


— 


OOH 


FF8CH 


Serial receive buffer: UART 


RXB 


R 


- 


X 


- 


Undefined 


FF8EH 


Serial transmit shift register: UART 


TXS 


W 


- 


X 


- 


Undefined 


FFBOH 


Timer control register 


TIVIC 


R/W 


X 


X 


- 


OOH 


FFB1H 


Baud rate generator mode register 


BRGM 


R/W 


X 


X 


- 


OOH 


FFB2H 


Prescalar mode register 


PRM 


R/W 


X 


X 


- 


OOH 


FFB8H 


Timer output control register 


TOCO 


R/W 


X 


X 


- 


OOH 


FFB9H 


Timer output control register 1 


T0C1 


R/\N 


X 


X 


- 


OOH 


FFBFH 


Real-time pulse unit mode register 


RPUM 


R/W 


X 


X 


- 


OOH 


FFCOH 


Standby control register 


STBC 


R/W** 


X 


X 


-- 


0000 XOOOB 


FFC1H 


CPU control word 


CCW 


R/W 


X 


X 


- 


OOH 


FFC2H 


Watchdog timer mode register 


WDM 


R/W** 


X 


X 


- 


OOH 


FFC4H 


Memory extension mode register 


MM 


R/W 


X 


X 


- 


OOH 


FFC6H 


Programmable wait control register 


PWC 


R/W 


X 


X 


- 


22H 


FFC9H 


Fetch cycle control register 


FCC 


R/W 


X 


X 


- 


OOH 


FFDOH-FFDFH External access area 




R/W 


X 


X 


- 


Undefined 


FFEOH 


Interrupt request flag register OL 


IFOL/IFO 


R/W 


X 


X 


X 


OOH 


FFE1H 


Interrupt request flag register OH 


IFOH 


R/W 


X 


X 


- 


OOH 


FFE2H 


Interrupt request flag register 1L 


IF1L/ 
IF1 


R/W 


X 


X 


X 


OOH 


FFE4H 


Interrupt mask flag register OL 


MKOL/ 
MKO 


R/W 


X 


X 


X 


FFH 


FFE5H 


Interrupt mask flag register OH 


MKOH 


R/W 


X 


X 


- . 


FFH 


FFE6H 


Interrupt mask flag register 1L 


MK1L/ 
MK1 


R/W 


X 


X 


X 


XXXXX111B 


FFE8H 


Priority selection buffer register OL 


PBOL/ 
PBO 


R/W 


X 


X 


X 


OOH 


FFE9H 


Priority selection buffer register OH 


PBOH 


R/W 


X 


X 


- 


OOH 


FFEAH 


Priority selection buffer register 1L 


PB1L/ 
PB1 


R/W 


X 


X 


X 


OOH 


FFECH 


Interrupt service mode selection 
register OL 


ISMOL/ 
ISMO 


R/W 


X 


X 


X 


OOH' 


FFEDH 


Interrupt service mode selection 
register OH 


ISMOH 


R/W 


X 


X 


- 


OOH 


FFEEH 


Interrupt service mode selection 
register 1L 


ISM1L/ 
ISM1 


R/W 


X 


X 


X 


OOH 


FFFOH 


Context switch enable register OL 


CSEOL/ 
CSEO 


R/W 


X 


X 


X 


OOH 


FFF1H 


Context switch enable register OH 


CSEOH 


R/W 


X 


X 


- 


OOH 
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Table 2. 


SpeciaNFunction Registers (eont) 
















Register 


SymboT 


R/W 


Access Unit (Bits) 




Address 


1 


8 


16 


State after RESET 


FFF2H 


Context switch enable register 1 L 


CSE1L/ 
CSE1 


R/W 


X 


X 


X 


OOH 


FFF4H 


External interrupt mode register 


INTMO 


R/W 


X 


X 


- 


OOH 


FFF5H 


External interrupt mode register 1 


in™i 


R/W 


X 


X 


- 


OOH 


FFF8H 


In-service priority register 


ISPR 


R 


- 


X 


- 


OOH 


FFF9H 


Priority selection register 


PRSL 


R^V 


X 


X 


- 


OOH 



* Lower or upper 16 bits of an 18-bit register. 

** Protected location: special instruction required for write. 



ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 



Supply voltage, VpD 


-0.5 to +7.0 V 


Supply voltage, AVdd 


-0.5 to Vdd +0.5 V 


Supply voltage, AVss 


-0.5 to +0.5 V 


Input voltage, V| 


-0.5 to Vdd + 0.5 V 


Output voltage, Vq 


-0.5 to Vdd + 0.5 V 


Reference input voltage, AVf^ef 
fxx ^ 16MH2 


-0.5 to AVdd +0-3 V 


Output current, low; Iql 
Each output pin 


4.0 mA 


Total 


90 mA 


Output current, high; Iqh 
Each output pin 


-1.0 mA 


Total 


-20 mA 


Operating temperature, Tqpt 


-10 to +70°G 


Storage temperature, Tstg 


-65 to +150°C 



Operating Conditions 



Oscliiator Frequency 



Vdd 



8 MHz ^ fxx ^ 16 MHz 



-10 to +70''C 



+5.0 V ± 10% 



Capacitance 

Ta = 25°C;Vdd = Vss = OV 



Parameter 



Symisoi Max 



Unit 



Conditions 



Input pin 
capacitance 



10 



Output pin 
capacitance 



Co 



20 



f = 1 MHz; 
unmeasured pins 
returned to V 



I/O pin 
capacitance 



20 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device rellabHity; exceeding the ratings could cause permanent 
damage. 
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DC Characteristics 

Ta = -10 to +70°C; Vdd = 


+5.0V±10%;Vss = 


= ov 










Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input voltage, low 


V|L 







0.8 


V 




Input voltage, high 


VlH1 


2.2 






V 


Notel 




V,H2 


O.SVdd 






V 


Note 2 


Output voltage, low 


Vol 






0.45 


V 


lOL = 2.0 mA 


Output voltage, high 


VOH 


Vdd-1.0 






V 


lOH = -400 M 


Input leakage current 


Ili 






±10 


^A 


V :s V, s Vdd 


Output leakage current 


Ilo 






±10 


txA 


OV^VqsVdd 


Vdd supply current 


bDi 




40 


65 


mA 


Operating mode 




bD2 




20 


35 


mA 


HALT mode 


Data retention voltage 


Vdddr 


2.5 






V 


STOP mode 


Data retention current 


'dddr 




2 


10 


fiA 


STOPmodeVDDDR = 2.5V 








10 


50 


^A 


Vdddr = 5.ov±io% 



Notes: 

(1) All except RESET, XI, X2, P2o/NMI, P2i/INTP0, P22/INTPI, P23/ 
INTP2, P24/INTP3, P2r/INTP4, P26/INTP5, P27/INTP6/TI, PSa/ 
SBO/SO. P33/SBI/SI. P34/SCK. 



(2) RESET, X1, X2, P2o/NMI, P2i/INTP0. P22/INTPI, P23/INTP2, P24/ 
INTP3, P2fi/INTP4, P2q/\HTP5, P27/INTP6/TI, PSa/SBO/SO, P33/ 
SB1/SI, P34/SCK. 



AC Characteristics 

Ta = -10 to +70°C; Vdd = +5.0 V ±10%; Vss = V 



Parameter 



Symbol 



MIn 



Max 



Unit 



Conditions 



Normal Externa! Memory Read/Write Operation 

Turbo Access Manager Data Read/Write Operation 

Turbo Access Manager Branclj Operation (Fetcii Pointer •(- address) 



System clock cycle time 



tCYK 



125 



250 



Twice the crystal or external clock input period 



Address setup time to ASTB i 


tSAST 


32 




ns 


Address hold after ASTB i 


tHSTA 


32 




ns 


Address to RD i delay time 


^DAR 


85 




ns 


RD i to address floating 


tpRA 







ns 


Address to data input 


*DAID 




222 


ns 


RD i to data input 


tORIDI 




112 


ns 


ASTB 4 to RD i delay time 


toSTR 


42 




ns 


Data hold time from RD T 


*HRID 







ns 


RD t to address active 


^DRA 


37 




ns 


RD width low 


tWRL 


157 




ns 


ASTB width, high 


twSTH 


37 




ns 


Address to WR i delay 


*DAW 


85 




ns 



ASTB i to data output 



tpSTOD 



tcYK = 1^5 ns 



102 
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AC Characteristics (cont) 



Parameter 



Symbol 



Min 



Max 



Unit 



Conditions 



Norma/ External Memory Read/Write Operation 
Turbo Access Manager Data Read/Write Operation 
Turbo Access Manager Branch Operation (Fetch Pointer i 



- address) (cont) 



WR to data output 


towOD 




40 


ns 


ASTBi to WRi delay 


toSTW 


42 




ns 


Data setup time to WR T 


tSODW 


147 




ns 


Data hold time after WR t 


tHWOD 


32 




ns 


WRT to ASTBt delay time 


toWST 


42 




ns 



tcYK = 125 ns 



WR width, low 


tyvWL 


157 






ns 






Opcode Fetch with Turbo Access Manager: Branch and Continuous Fetch 


TA5 width, low 


tWTAL 


37 






ns 






TA5 width, high 


tWTAH 


42 






ns 






TAST to data input 


^DTAID 




55 




ns 






TIVIDTtoTAgt 


tOTMRTA 


157 






ns 






RDi i to data Input 


tDRID2 




65 




ns 






TAS setup to ASTB i 


tSTAST 


32 






ns 






TMD setup to ASTBi 


tSTMST 


42 






ns 






TMDi to TA5t delay time 


tOTMFTA 


95 






ns 






ASTBi to TMD i delay time 


^DSTTM 


85 






ns 






Data hold after TA5T 


tHTMID 









ns 






Serial Port Operation 

Ta = -10 to +70°C; Vdd = +5.0 V 


±10%; Vss = 


= 0V 












Parameter 


Symboi 


iVIin 




Max 




Unit 


Conditions 


SCK cycle time 


tCYSK 


1 








|HS 


SCK output from internal clock 




1 








|US 


SCK input from external clock 


SCK with low 


*WSKL 


420 








ns 


SCK output from internal clock 




420 








ns 


SCK input from external clock 


SCK width high 


%SKH 


420 








ns 


SCK output from internal clock 




420 








ns 


SCK input from external clock 


SI setup time to SCK T 


^SRXSK 


80 








ns 




SI hold time after SUKT 


^HSKRX 


80 








ns 




SCK i to SO delay time 


tpSKTX 






210 




ns 
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Timing Dependent on tcvK 






Symbol 


Calculation Formula 


Min/Max 


Unit 


*SAST 


0.5T - 30 


Min 


ns 


*HSTA 


0.5T - 30 


Min 


ns 


bAR 


T-40 


Min 


ns 


tpAID 


(2.5 + n)T-90 


Max 


ns 


tORlDI 


(1.5 + n)T-75 


Max 


ns 


bSTR 


0.5T - 20 


Min 


ns 


*DRA 


0.5T - 25 


Min 


ns 


*WRL 


(1.5 + n)T-30 


Min 


ns 


twSTH 


0.5T - 25 


Min 


ns 


*DAW 


T-40 


Min 


ns 


bSTOD 


0.5T + 40 


Max 


ns 


*DSTW 


0.5T - 20 


Min 


ns 


tSODW 


1.5T-40 


Min 


ns 


^HWOD 


0.5T - 30 


Min 


ns 


toWST 


0.5T - 20 


Min 


ns 


twWL 


(1.5+n)T-30 


Min 


ns 


tWTAL 


0.5T - 25 


Min 


ns 


^WTAH 


0.5T-20 


Min 


ns 


toTAID 


T-45 


Min 


ns 


*DTMRTA 


1.5T-30 


Min 


ns 


tDRID2 


T-60 


Max 


ns 


tStVVST 


0.5T - 30 


Min 


ns 


tSTMST 


0.5T - 20 


Min 


ns 


tOTMFTA 


T-30 


Min 


ns 


tpSTTM 


T-40 


Min 


ns 



A/D Converter 

Ta = -10 to +70''C; Vdd = +5.0 V ±10%; AVss = Vgs = 
Vdd -0.5 V :s aVdd ^ Vdd; 3.4 V s AVref ^ Vdd 



OV; 



Notes: 

(1) n is tiie number of additional wait cycle specified by the PWC 
register. 

(2) T = tcYK = (ns). 

(3) Parameters not included in this table are not dependent on tcvK- 



Parameter 


Symbol 


Min 


Typ 


IVIax 


Unit 


Resolution 




10 






Bit 


Relative accuracy 








0.2% 


FSR 


Quantization error 








±1/2 


LSB 


Conversion time 


tcONV 


144 






tCYK 


Sampling time 


tSAMP 


24 






tCYK 


Zero offset error 






±1.5 


LSB 




Full scale error 






±1.5 


LSB 




Linearity error 






±1.5 


LSB 




Analog input voltage 


VlAN 







AVref 


V 


AVref current 


AIref 




1.0 


3.0 


mA 


AVdd current 


AIdd 




2.0 


6.0 


mA 
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Timing Waveforms 
Discontinuous Read Cycie 



Clock 



-tcYK >■ 



y^_^"^_^"^_^"^_^ 



P57-P50 



1. 



P47-P40 ■ 



HlghZ 



/ 



Address (High Byte) 



1. 



-^DAID- 



Address (Low Byte) 



\^—^ \ Boaaoa. ~^ ^-H^ 



-tsAST > 



RD 



\ 



< %STH > 



-^DAR- 



-^HSTA- 



-tpRA 



\ 



< — ^DRIDI- 

< twRL > 



/ 



-^DRA- 



> 



HighZ 



y V 
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Timing Waveforms (cont) 
Discontinuous Write Cycle 



-^CYK >■ 



^^_yA__^^_^"^_^ 



P57-P50 



P47-P40 



ASTB 



WR 



1. 



J 



/ 



Address (High Byte) 



X 



Address (Low Byte) 



< ^SAST >- 



< %STH > 



<tHSTA> 

< ^DSTOD >' 



^. 



/ Undefined V" 



^^DSTW-^ 



-^DWOD- 



Write Data 



V Address 0-7 V 



^^SODW> 



< 1 vvvVL > 



\ 



J 



-^HWOD- 



i V 
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Timing Waveforms (cont) 
Branch Cycle, TAM Interface 



NEC 



Clock 



\ 



-%STH- 



P50-P57 



Z 



HighZ ^ 
P40-P47 ' d Address 0-7 



TMD 



Address (High Byte) 



^^HSTA> 



< 



y^^M. 



\ 



2 



/ 



e-^STAST->- 



MWTAH^* 



t 



/~V_/ 



-<-^STMST>^ 



-< ^DSTTM >- 



-< ^DTMFTA > 



-^WTAL- 



HighZ 



-^HRID 



- ^HTMID 



/ 



\ 
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Timing Waveforms (cont) 

Continuous Irmtruction Fetch Cycle, MM interface 



Data Transmit, SeriaiPort 



Data Receive, SeriaiPort 



%SKL ■ 



< ^CYSK >| 



^WSKH 



— >| k— ^DSKTX 



pPD7832x 



Clock 
ASTB 

RD 
TAS 

TMD 
P40-P47 — 




V 
















A 


r 




_^"^^^^^_^ 
















\ 


^ 


_j 


















^DTMF 


\ ^ 


^ 7- 










ITA > 


1^^-- VVIMU-^^I 


HighZ 


^DRID2 — 


■<r-^ 




V 


I 


OPn 


"1 


; <-.. X 




\ High Z 




^ 








tn-r-..r> 




83RD-6742B 



















< ^CYSK >\ 



V~l_'^T_y 



• %SKH 



) c y 



^k. 
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INStRUCTION SET 

Addriessing 

On-chip RAM byte location FE20H through FEFFH can 
be addressed by saddr addressing, In which the ma- 
chine code specifies the low-order byte only. This ad- 
dressing mode Is also used to address the first 20H 
special function registers, those with addresses FFOOH 
through FF1FH. Similarly, saddrp addressing Is used to 
sf)eclfy 16-blt word locations within the same area. The 
saddrp addresses must be even. 

When both source and destination are registers, the 
destination designation appears in the machine code 
before the source designation. Similarity, if source and 
destination are both saddr or saddrp, the destination 
appears before the source. Both saddr and saddrp 
addresses are expressed as offsets from either FEOOH 
or FFOOH. 

Timing 

Access to on-chip ROM and to main RAM (FEOOH- 
FEFFH) requires one stdte per byte. Access to on-chip 
peripheral RAM (FC80H-FDFFH) and to external mem- 
ory requires a minimum of three states per byte unless 
the TAM Is used. Instructions can be fetched from the 
TAM at a rate of one state per byte. 

Timing of the PUSH and POP Instructions 

The post byte used by the PUSH post, PUSHU post, 
POP post, and POPU post instructions has a bit set for 
each register pair to be PUSHed or POPped. Bit 
specifies RPO, bit 1 RP1,..., bit 7 RP7. The PUSH (and 
PUSHU) and the POP (and POPU) instructions scan the 
post byte to determine which register pairs are to be 
PUSHed or POPped. The PUSH (and PUSHU) Instruc- 
tions begin the scan at the high-ord6r end (bit 7), while 
the POP (and POPU) instructions begin the scan at the 
low-order end (bit 0). If the stack Is In main RAM 
(OFEOO-OFEFF), the timing formulas are: 

PUSH: t = 3 + 4z + 6n states 

PUSHU: t == 4 + 4z + 6n states 

POP: t = 6 + 4z + 7n states 

POPU: t = 8 + 4z + 7n states 

where n Is the number of register pairs to be PUSHed or 
popped, and z is the number of zero bits scanned 
before all remaining bits are zero. 



Example: PUSH RP2, RP3: the post byte is 00001 100B. 

PUSH: t= 3+ 4x4-1- 6x2= 31 states 

(4 zeros scanned from 

high- order end) 
POP: t= 6-1- 4x2+ 7x2= 28 states 

(2 zeros scanned from 

low-order end) 

If the stack Is in external RAM or peripheral RAM 
(0FC80-0FDFF) the formulas become: 

PUSH: t = 3 +4z + (8 + 2w)n states 

PUSHU: t = 4 +4z + (8 + 2w)n states 

POP: t = 6 +4z + (14 -H 2w)n states 

POPU: t = 8 -I-4Z + (14 + 2w)n states 

where w is the number of additional wait states speci- 
fied In the PWC register. The timing for the PUSH (and 
PUSHU) Instructions is worst case, and it will improve if 
the external bus is not busy. 

Interrupt Service Timing 



Operation 






States 


Interrupt service by context switch 




12 




Vector Interrupt (stacic in main RAM) 




17 






(stack in any other memory) 


31 + 4n 


Macroservice Timing 








States 




operation 


Normal End 


Software interrupt 


EVONT 




10 




12 


DTACMP 




15 




17 


BITSHT 




17 




19 


BITLOG 




19 




19 


ADCBUF 




16 




26 


DTADIF 


Byte 


22 




22 




Word 


23 




23 



DATADIF-P 



Byte (1) 



24 



24 



Byte (2) 



26+ n 



26+ n 



Word (1) 



25 



25 



Word (2) 30+ 2n 



30+ 2n 



DTADD 



24 



26 



BLKTRS mem -» sfr Byte(1) 



20 



22 



Byte (2) 



22+ n 



24+ n 



Word (1) 



21 



23 



Word (2) 26+ 2n 



28+ 2n 
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Macroservlce Timing (com) 




States 


Operation Normal End 


Software Interrupt 



Opcodes for Registers 



BLKTRS sfr -* mem Byte (1) 



19 



21 



Byte (2) 



19 



21 



Word (1) 



20 



22 



Word (2) 



20 



22 



Notes: 

(1) Destination is in main RAIVI (FEOOH-FEFFH). 

(2) Destination is anywhere but main RAM. 

(3) n = number of additional wait states specified In the PWC 
register. 

In the States column of the Instruction Set, the symbol 
"n" stands for a number aa follows. 



Operation 



Number "n" 



Stack 

Shift and rotate 

String 



Register pairs operated on 
Bits shifted or rotated 
Characters in the string or the 
number operated upon before the 
condition is satisfied 



In the States column, a number in parentheses for a 
conditional branch instruction is the number of states 
used if the branch is not taken. 

Opcodes for Memory Addressing Modes 

















>v mod 
mem N. 


1 0110 


1 0111 


0110 


1010 




Register 
Indirect 


Base Index 


Base 


Index 





[DE+] * 


[DE+A] 


[DE+byte] 


word [DE] 




1 


[HL+] * 


[HUA] 


[SP+byte] 


word [A] 






1 


[DE-] * 


[DE+B] 


[HL+byte] 


word [HL] 






1 1 


[HL-] * 


[HUB] 


[UP+byte] 


word [B] 






1 


[DE] * 


[VP+DE] 


[VP+byte] 


- 






1 1 


[HL] * 


[VP+HL] 


- 


- 






1 1 


[VP] 


- 


- 


- 






1 1 1 


[UP] 


- 


- 


- 






*One-byte instr 


uctions: Defined by special C 


)P Code & mer 


n only. 

83RD-69 


34A 





r 








r1 












R3 R2 


Rl Ro 


reg 




R2 


Ri 


Ro 


reg 












RO 











RO 







1 




R1 










1 


R1 









1 




R2 







1 





R2 









1 1 




R3 







1 


1 


R3 






1 







R4 




1 








R4 






1 


1 




R5 




1 





1 


R5 






1 


1 




R6 




1 


1 





R6 






1 

1 
1 


1 1 


1 




R7 

R8 
R9 




1 


1 


1 


R7 






r2 


























1 
1 


1 

1 1 




R10 
R11 




^0 


reg 









C 














1 


B 








1 1 
1 1 
1 1 




1 

1 




R12 
R13 
R14 












1 1 


1 1 




R15 












rp 








rp1 








P2 Pi 


Po 


reg- 
pair 




Q2 Qi 


Qo 


Z 










RPO 











RPO 







1 


RP1 










1 


RP4 






1 





RP2 







1 





RP1 






1 


1 


RP3 







1 


1 


RP5 






1 





RP4 




1 








RP2 






1 


1 


RP5 




1 





1 


RP6 






1 1 





RP6 




1 


1 





RP3 






1 1 


1 


RP7 




1 


1 


1 


RP7 






rp2 


















Sl So 


reg-pair 









VP 




1 


UP 












1 


DE 












1 1 


HL 
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SEC 



Flag Indicators 



Symbol 


Action 


(blank) 


No change 





Set too 


1 


Set to 1 


X 


Set or cleared according to result 


P 


P/V Indicated parity of result 


V 


P/V indicates arithmetic overflow 


R 


Restored from saved PSW 


Instruction Set Symbols 


Symbol 


Definition 


r 


RO, R1, R2, R3, R4, R5, R6, R7, R8, R9. RIO, R11, 
R12, R13, R14, R15 


r1 


RO, R1,R2, R3, R4, R5, R6, R7 


r2 


C. B 


rp 


RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 


rp1 


RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* 


rp2 


DE, HL,VP, UP 


sfr 


Special function register, 8 bits 


sfrp 


Special function register, 16 bits 



post RPO, RP1 , RP2, RP3, RP4, RP5/PSW, RP6, RP7 Bits 

set to 1 Indicate register pairs to be pushed/ 
popped to/from stack; RP5 pushed/popped by 
PUSH/POP, SP is stack pointer; PSW pushed/ 
popped by PUSHU/POPU, RP5 is stack pointer; 

mem Register indirect: [DE], [HL], [DE+], [HL+], [CE-], 

[HL-], [VP], [UP] 

Base index IVIode: [DE+A], [HL+ A], [DE+B], 

[HL+B], [VP+DE], [VP+HL] 
Base Mode: [DE+ byte], [HL+byte], [VP+byte], 
[UP+ byte], [SP+ byte] 

Index IVIode: word [A], word [B], word [DE], word 
[HL] 



saddr 



saddrp 



FE20-FF1FH: Immediate byte addresses one byte 
in RAM, or label 

FE20-FF1FH: Immediate byte (bit 0= 0) addresses 
one word In RAM, or label 



Instruction Set Symbols (cont) 


Symbol 


Definition 


word 


16 bits of Immediate date 


byte 


8 bits of Immediate data 


jdisp 


8-bJt two's complement displacement (Immediate 
data) 


fo-flo 


Eleven bits of immediate data corresponding to 
addrll 


Vt4 


Five bits of Immediate data corresponding to addrS 


bit 


3 bits of immediate data (bit position in byte), or 
label 


n 


3 bits of immediate data 


laddrie 


16-bit absolute address specified by an immediate 
address or label 


$addr16 


Relative branch address [(PC) + jdisp] or label 


addrie 


16-blt address 


laddrH 


11 -bit immediate address or label 


addrll 


0800H-0FFFH: 0800H + (11 -bit Immediate 
address), or label 


addrS 


0040H-007EH: 0040H + 2 X (5-bit Immediate 
address), or label 


A 


A register 


X 


X register 


B 


B register 


C 


C register 


D 


D register 


E 


E register 


H 


H register 


L 


L register 


R0-R15 


Register to register 15 


AX 


Register pair AX (16-bit accumulator) 


BC 


Register pair BC 


DE 


Register pair DE 


HL 


Register pair HL 



7-86 
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Instruction Set Symbols (cont) 


Symbol 


Definition 


RP0-RP7 


Register pair to register pair 7 


PC 


Program counter 


SP 


Stacl< pointer 


UP 


User stacl< pointer (RP5) 


PSW 


Program status word 


CY 


Carry flag 


AC 


Auxiliary carry flag 


Z 


Zero flag 


P/V 


Parity/overflow flag 


s 


Sign flag 


SUB 


Subtract flag 


TPF 


Table position flag 


RBS 


Register bank select flag 


RSS 


Register set select flag 


IE 


Interrupt enable flag 


STBC 


Standby control register 


WDM 


Watchdog timer mode register 



Symbol 


Definition 


() 


Contents of the location whose address is within 
parentheses; (+) and (-) indicate that the address 
is incremented after or decremented after it is used 


(0) 


Contents of the memory location defined by the 
quantity within the sets of parentheses 


xxH 


Hexadecimal quantity 


Xh.Xl 


High-order 8 bits and low-order 8 bits of X 



* rp and rp1 describe the same registers but generate different 
machine code. 



7-87 



jtiPD7832x 



SEC 



Instruction Set 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 





8- Bit Data Transfer 


MOV r1,#byte 


r1 ^ byte 


2 


2 






1 





1 1 1 R2 
Data 


Ri 


Ro 


saddr,#byte 


(saddr) 4r byte 


3 


3 












1 11 
Saddr-offset 


1 











Data 






sfr**, #byte 


sfr-«-byte 


3 


6 












1 10 
Sfr-offset 


1 


1 








Data 






r,r1 


r^n 


2 


3 












10 1 










R3 R2 


Ri Ro R2 


Ri 


Ro 


A,r1 


A^n 


1 


2 






1 


1 


1 R2 


Ri 


RO: 


A,saddr 


A <- (saddr) 


2 


3 












10 
Saddr-offset 








saddr.A 


(saddr) <- A 


2 


3 












1 
Saddr-offset 


1 





saddr, saddr 


(saddr) 4- (saddr) 


3 


4 












11 1 
Saddr-offset 














Saddr-offset 






A,sfr 


A<-sfr 


3 


4 












1 
Sfr-offset 








sfr.A 


sfr^-A 


2 


6 












1 


1 











Sfr-offset 






A, mem* 


A 4- (mem) 


1 


6 









1 


1 1 mem 





A, mem 



A 4- (mem) 



2-4 8-10 







mod 



mem 



Low Offset 



High Offset 



mem, A* 



(mem) •«- A 



10 1 mem 



mem, A 



(mem) <*- A 



A, !addr16 A <- (addr16) 



2-4 6-8 







mod 







Low Offset 



High Offset 



A, [saddrp] 


A ^ ((saddrp)) 


2 


6 


1 10 







Saddr-offset 




[saddrp],A 


((saddrp)) 4- A 


2 


4 


1 10 


1 




Saddr-offset 





10 1 
1111 



Low Addr 



High Addr 



One byte move instruction when [DE], [HL], [DE+], [DE-], [HL+], 
or [HL-] is specified for mem. 



A special instruction is used to write to STBC and WDIVI. 
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Instruction Set (cont) 



Mnemonic Operand 



Operation 



Flags Operation Code 

Bytes States S Z AC P/V CY 7 6 5 4 3 2 1 



8- Bit Data Transfer (cont) 



MOV !addr16,A 

(cont) 



(addr16) ^ A 



A, mem A ^ (mem) 







10 1 



1111 







Low Addr 



High Addr 





PSWL,#byte 


PSWl 4- byte 


3 


6 


X X 


X 


X 


X 




1 




1 


— 




1 


1 
1 




1 




1 



























Data 










PSWH,#byte 


PSWh <r byte 


3 


6 





















1 







1 




1 


1 




1 


1 


1 




1 










Data 










PSWL,A 


PSWl ^ A 


2 


6 


X X 


X 


X 


X 




1 




1 





1 
1 







1 










PSWH.A 


PSWh ^ A 


2 


6 












1 




1 





1 

1 







1 






1 




A,PSWL 


A <r- PSWl 


2 


6 












1 




1 





1 

1 







1 











A, PSWH 


A ^ PSWh 


2 


6 












1 




1 





1 
1 







1 







1 


XCH 


A,r1 


^^r^ 


1 


4 










1 


1 





1 




R2 


Ri 


Ro 




r,r1 


r^^rl 


2 


4 
























1 





1 




















R3 R2 


Ri 


Ro 





R2 Ri 


Ro 



2-4 9-11 







mod 



Low Offset 



High Offset 



A, saddr 


A<«>(saddr) 


2 


5 








10 





1 








Saddr-offset 






A,sfr 


A4>sfr 


3 


13 












10 

Sfr-offset 






1 
1 


A,[saddrp] 


A4^((saddrp)) 


2 


7 








10 
Saddr-offset 


1 


1 


saddr, saddr 


(saddr) ^ (saddr) 


3 


8 








11 10 





1 








Saddr-offset 












Saddr-offset 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 7 


Operation Code 
6 5 4 3 2 10 


16-Bit Data Transfer 


MOVW rp1,#word 


rp1 ^ word 


3 


3 





110 Q2 Qi Qo 
Low Byte 






High Byte 



saddrp, #word (saddrp) <- word 



110 



Saddr- offset 



Low Byte 



High Byte 



sfrp, #word 



sfrp <- word 



rp1,!addr16 rp1 4- (addr16) 



10 11 
Sfr-offset 
Low Byte 



High Byte 



rp, rpl 


rp <- rpl 


2 


3 








10 1 










P2 


Pi 


Po 1 Q2 Qi 


Qo 


AX, saddrp 


AX ;<- (saddrp) 


2 


3 








1 11 














Saddr-offset 






saddrp, AX 


(saddrp) ^ AX 


2 


3 








1 10 
Saddr-offset 


1 





saddrp, saddrp 


(saddrp) <<- (saddrp) 


3 


4 








11 11 
Saddr-offset 














Saddr-offset 






AX, sfrp 


AX 4- sfrp 


2 


6 








1 
Sfr-offset 





1 


sfrp, AX 


sfrp 4- AX 


2 


6 








1 


1 


1 








Sfr-offset 







10 1 

1 Q2 Qi Qo 

Low Addr 



High Addr 



!addr16, rpl (addr16) 4- rpl 



10 1 

1 1 Q2 Qi Qo 

Low Addr 
High Addr 



AX, mem AX «- (mem) 



2-4 6-10 







mod 



1 



Low-offset 



High-offset 



mem, AX 



(mem) <- AX 



2-4 4-8 







mod 



1 mem 



1 



Low- offset 



High -offset 



7-90 



NEC 



j[fPD7832x 



Instruction Set (cont) 




Operation 


Bytes 


States 


Flags 
S Z AC PA^ CY 


7 


6 


Operation Code 
5 4 3 2 


1 





16- Bit Data Transfer (cont) 


XCHW AX.saddrp 


AX 4* (saddrp) 


2 


5 










1 10 
Saddr-offset 


1 


1 


AX.sfrp 


AX^^sfrp 


3 


13 
















1 










1 10 
Sfr-offset 


1 


1 


saddrp, saddrp 


(saddrp) ^ (saddrp) 


3 


8 










10 10 
Saddr-offset 


1 











Saddr-offset 






rp, rpl 


rp <«• rpl 


2 


4 





P2 




Pi 


10 10 
Po 1 Q2 Qi 


1 
Qo 



AX, mem 



AX 4> (mem) 



2-4 9-11 







mod 



10 1 



Low -offset 



High-offset 



8'Bit Arithmetic 


ADD A, #byte 


A,CY<-A + byte 


2 


2 


X X X V X 


10 10 10 
Data 





saddr, #byte 


(saddr), CY 4- (saddr) + byte 


3 


4 


X X X V X 


110 10 
Saddr-offset 







Data 





sfr, #byte sfr, CY <«- sfr + byte 



12 



XXXVXOOOO 000 1 



110 10 



Sfr-offset 



Data 



r,r1 


r,CY^r + r1 




2 


3 


X X 


X 


V 


X 


1 





10 


























R3 R2 


Rl Ro R2 


Ri 


Ro 


A, saddr 


A,CY^A + (saddr) 




2 


4 


X X 


X 


V 


X 


1 





1 10 
Saddr-offset 








A, sfr 


A,CY<<-A + sfr 




3 


9 


X X 


X 


V 


X 




1 








1 10 

Sfr-offset 






1 




saddr, saddr 


(saddr), CY ^ (saddr) + (saddr) 


3 


5 


X X 


X 


V 


X 





1 


11 10 






























Saddr-offset 












Saddr-offset 
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instruction Set (cont) 



Mnemonic Operand Operation 



Flags Operation Code 

Bytes States S Z AC P/V CY 7 6 5 4 3 2 10 



8' Bit Arithmetic (cont) 



ADD A, mem A, CY 4- A + (mem) 

(cont) 



2-4 8-9 X X X V X 



mod 



10 



Low Offset 



High Offset 



mem, A (mem),CY •<- (mem) + A 



2-4 



8-9 XXXVXOOO 



mod 



10 



Low Offset 



High Offset 



ADDC 


A, #byte 


A,CY4-A + byte + CY 


2 


2 


X X X V X 


1 


10 10 


1 






Data 






saddr, #byte 


(saddr), CY ^ (saddr) + byte + CY 


3 


4 


X X X V X 





110 10 


1 






Saddr-offset 








Data 





sf r, #byte sf r, CY ^ sf r + byte + CY 



12 XXXVXOOOO 000 1 



110 10 1 



Sfr- offset 



Data 



r,r1 


r, CY ^ r + r1 + CY 


2 


3 


X X 


X 


V 


X 


1 





10 





1 




Rg R2 


Ri Ro R2 


Ri 


Ro 


A, saddr 


A,CY<HA + (saddr) + CY 


2 


4 


X X 


X 


V 


X 


1 





1 10 





1 








Saddr-offset 






A, sfr 


A,CY4-A + sfr-hCY 


3 


9 


X X 


X 


V 


X 














1 




1 





1 10 
Sfr-offset 





1 


saddr, saddr 


(saddr), CY <r (saddr) + (saddr) + CY 


3 


5 


X X 


X 


V 


X 





1 


11 10 





1 








Saddr-offset 












Saddr-offset 







A, mem A, CY 4- A + (mem) + CY 



8-9 XXXVX 000 



mod 



10 1 



Low Offset 



High Offset 



mem, A (mem), CY ^ (mem) + A + CY 



2-4 



8-9 XXXVXOOO 



mod 



10 1 



Low Offset 



High Offset 
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Instruction Set (cont) 




Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 1 





8- Bit Arithmetic (cont) 


SUB A,#byte 


A,CY4-A-byte 


2 


2 


XXXV X 


1 





10 10 1 
Data 





saddr, #byte 


(saddr),CY^ (saddr) -byte 


3 


4 


XXXV X 





1 


10 10 1 
Saddr-offset 











Data 





sf r , #byte sf r, CY <- sf r - byte 



12 XXXVXOOOO 000 1 



110 10 10 



Sfr-offset 



Data 



r,r1 


r,CYvr-r1 


2 


3 


X X 


X 


V 


X 


1 





10 


1 


















R3 R2 Ri Rq R2 Ri Rq 


A, saddr 


A, CY^ A- (saddr) 


2 


4 


X X 


X 


V 


X 


1 





1 10 
Saddr-offset 


1 


A.sfr 


A,CY<«-A-sfr 


3 


9 


X X 


X 


V 


X 




1 








1 1 

Sfr-offset 


1 

1 


saddr, saddr 


(saddr), CY <- (saddr) - (saddr) 


3 


5 


X X 


X 


V 


X 





1 


11 10 
Saddr-offset 


1 








Saddr-offset 





A, mem A, CY 4- A - (mem) 



2-4 



8-9 X X X V X 



mod 



mem 10 10 



Low Offset 



High Offset 



mem, A (mem), CY <- (mem) -A 



2-4 



8-9 X X X V X 



mod 



1 mem 10 10 



Low Offset 



High Offset 



SUBC 


A, #byte 


A,CY^A-byte-CY 


2 


2 


X X X V X 


10 10 10 1 


1 




Data 






saddr, #byte 


(saddr), CY <- (saddr)- byte -CY 


3 


4 


X X X V X 


110 10 1 
Saddr-offset 


1 




Data 





sf r, #byte sf r, CY <- sf r - byte - CY 



12 XXXVXOOOO 000 1 



110 10 11 



Sfr-offset 



Data 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 





8-Bit Arithmetic (cont) 


SUBC r,r1 


r,CY<-r-r1-CY 


2 


3 


X X X V X 


1 





1 


1 


1 


(cont) 


R3 


R2 


Rl Ro R2 


Ri 


Ro 


A,saddr 


A,CY<-A-(saddr)-CY 


2 


4 


X X X V X 


1 





1 10 


1 


1 








Saddr-offset 






A,sfr 


A,CY^A-sfr-CY 


3 


9 


X X X V X 














1 




1 





1 10 


1 


1 








Sfr-offset 






saddr, saddr 


(saddr), CY 4- (saddr)- (saddr) -CY 


3 


5 


X X X V X 





1 


11 10 


1 


1 








Saddr-offset 












Saddr-offset 







A, mem 



A,CY-<-A-(mem)-CY 



2-4 



8-9 XXXVX 000 



mod 



10 11 



Low Offset 



High Offset 



mem, A (mem),CY <- (mem)-A-CY 



2-4 



8-9 XXXVX 000 



mod 



1 mem 



10 11 



Low Offset 



High Offset 



8-Bit Logic 


AND A,#byte 


A «- A AND byte 


2 


2 


X X 


p 


10 10 110 







Data 




saddr, #byte 


(saddr) <- (saddr) AND byte 


3 


4 


X X 


p 


110 110 







Saddr-offset 






Data 





sfr, #byte 



sfr <«- sfr AND byte 



12 XX P 



1 
110 110 



Sfr-offset 



Data 



r,r1 


r ^ r AND rl 


2 


3 


X X 


P 


1 


110 

















R3 R2 Ri Ro R2 Ri 


Ro 


A, saddr 


A ^ A AND (saddr) 


2 


4 


X X 


P 


1 


1 110 
Saddr-offset 





A, sfr 


A 4- A AND sfr 


3 


9 


X X 


P 








1 




1 


1 110 



















Sfr-offset 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags Operation Code 
S Z AC P/V CY 7 6 5 4 3 2 1 





8-Bit Logic (cont) 


AND saddr, saddr 
(cont) 


(saddr) <- (saddr) AND (saddr) 


3 


5 


XX P 111 110 
Saddr-offset 







Saddr-offset 





A, mem 



A <<- A AND (mem) 



2-4 



8-9 X X 







mod 



110 



Low Offset 



High Offset 



mem, A 



(mem) ^ (mem) AND A 



2-4 



8-9 X X 







mod 



1 mem 



110 



Low Offset 



High Offset 



OR 


A, #byte 


A V A OR byte 


3 


4 


X X 


P 


10 10 11 


1 







Data 








saddr, #byte 


(saddr) ^ (saddr) OR byte 


3 


4 


X X 


P 


110 11 
Saddr-offset 


1 







Data 







sfr, #byte sfr v sfr OR byte 



12 XX 





110 1110 



Sfr-offset 



Data 



r,r1 


r <<- r OR r1 


2 


3 


X X 


p 


1 





11 


1 







R3 R2 


Rl Ro R2 Ri 


Ro 


A, saddr 


A ^ A OR (saddr) 


2 


4 


X X 


p 


1 





1 11 
Saddr-offset 


1 





A, sfr 


A ^ A OR sfr 


3 


9 


X X 


p 




1 








1 11 

Sfr-offset 




1 


1 



saddr, saddr 


(saddr) ^ (saddr) OR (saddr) 


3 


5 


X X 


p 





1 


11 11 
Saddr-offset 


1 











Saddr-offset 







A, mem A v A OR (mem) 



2-4 



8-9 X X 







mod 



1110 



Low Offset 



High Offset 



mem, A (mem) -♦- (mem) OR A 



2-4 



8-9 X X 







mod 



1 mem 



1110 



Low Offset 



High Offset 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


Operation Code 
6 5 4 3 2 1 





8'Bit Logic (cont) 


XOR A, #byte 


A <(- A XOR byte 


2 


2 


XX P 


1 


10 1 1 


1 






Data 




saddr, #byte 


(saddr) 4- (saddr) XOR byte 


3 


4 


XX P 





110 110 
Saddr-offset 


1 






Data 





sfr, #byte sfr ^ sfr XOR byte 



12 XX 



1 
110 110 1 



Sfr-offset 



Data 



r,r1 


r ^ r XOR r1 


2 


3 


X X 


p 


1 





11 





1 




R3 R2 


Ri Ro R2 


Ri 


Ro 


A, saddr 


A «- A XOR (saddr) 


2 


4 


X X 


p 


1 





1 11 





1 








Saddr-offset 






A, sfr 


A 4- A XOR sfr 


3 


9 


X X 


p 




1 







1 11 






1 
1 








Sfr-offset 






saddr, saddr 


(saddr) 4- (saddr) XOR (saddr) 


3 


5 


X X 


p 





1 


1111 





1 








Saddr-offset 












Saddr-offset 







A, mem 



A <- A XOR (mem) 



2-4 



8-9 X X 







mod 



mem 110 1 



Low Offset 



High Offset 



mem, A (mem) ^ (mem) XOR A 



2-4 



8-9 X X 







mod 



1 mem 110 1 



Low Offset 



High Offset 



CMP 


A,#byte 


A -byte 


2 


2 


XXX V X 


10 10 11 


1 


1 




Data 








saddr, #byte 


(saddr) -byte 


3 


4 


X X X V X 


110 11 
Saddr-offset 


1 


1 




Data 







sfr,#byte sfr- byte 



12 XXXVXOOOO 000 1 



110 1111 



Sfr-offset 
Data 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 





8'Bit Logic (cont) 


CMP r,r1 


r-rl 


2 


3 


X X X V X 


1 





11 


1 


1 


(cont) 


R3 R2 Ri Ro R2 


Ri 


Ro 


A,sacldr 


A -(saddr) 


2 


4 


X X X V X 


1 





1 11 


1 


1 








Saddr- offset 






A,sfr 


A-sfr 


3 


9 


X X X V X 














1 




1 





1 11 


1 


1 








Sfr-offset 






saddr, saddr 


(saddr) -(saddr) 


3 


5 


X X X V X 





1 


11 11 
Saddr-offset 


1 


1 








Saddr-offset 







A, mem A -(mem) 



2-4 



8-9 XXXVXOOO 



mod 



1111 



Low Offset 



High Offset 



mem, A (mem) -A 



2-4 



8-9 XXXVXOOO 



mod 



1 mem 



1111 



Low Offset 



High Offset 



16-Bit Arithmetic 



ADDW AX, #word AX, CY ^ AX + word 



XXXVX0010 110 1 



Low Byte 



High Byte 



saddrp, #word (saddrp), CY <- (saddrp) + word 



X X X V X 1 1 1 



Saddr-offset 



Low Byte 



High Byte 



sfrp, #word sfrp, CY ■«- sfrp + word 



10 



XXXVXOOOO 000 1 



110 1 



Sfr-offset 



Low Byte 



High Byte 



rp, rpl 


rp, CY <- rp + rpl 


2 


3 


X X X V X 


10 10 
P2 Pi Po 1 Q2 Qi Go 


AX, saddrp 


AX, CY<^ AX + (saddrp) 


2 


4 


X X X V X 


1 110 1 
Saddr-offset 



7-97 



jLfPD7832x 



NEC 



Instruction Set (cont) 


Mnemonic Operand Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 





16-Bit Arithmetic (cont) 


ADDW AX.sfrp AX, CY 4- AX + sfrp 
(cont) 


3 


9 


X X X V X 












1 11 

Sfr-offset 






1 
1 


saddrp, saddrp (saddrp), CY ^ (saddrp) + (saddrp) 


3 


5 


X X X V X 








11 11 
Saddr-offset 





1 








Saddr-offset 






SUBW AX, #word AX, CY ^ AX - word 


3 


3 


X X X V X 








10 11 
Low Byte 


1 











High Byte 







saddrp, #word (saddrp), CY <- (saddrp) -word 



XXXVXOOOO 111 



Saddr-offset 



Low Byte 



High Byte 



sf rp, #word sf rp, CY -e sf rp - word 



10 XXXVXOOOO 000 1 



111 



Sfr-offset 



Low Byte 























High Byte 






rp, rpl 


rp,CY^rp-rp1 


2 


3 


XXX 


V 


X 


1 





1 


1 


















P2 


P1 


Po 1 Q2 Qi Qo 




AX, saddrp 


AX, CY^ AX -(saddrp) 


2 


4 


XXX 


V 


X 








1 11 
Saddr-offset 


1 




AX,sfrp 


AX,CY4-AX-sfrp 


3 


9 


XX X 


V 


X 












1 11 

Sfr-offset 


1 

1 




saddrp, saddrp 


(saddrp), CY ^ (saddrp) - (saddrp) 


3 


5 


XXX 


V 


X 








11 11 
Saddr-offset 


1 








Saddr-offset 




CMPW 


AX, #word 


AX -word 


3 


3 


XXX 


V 


X 








10 11 
Low Byte 


1 1 








High Byte 





saddrp, #word (saddrp) - word 



XXXVXOOOO 111 1 



Saddr-offset 



Low Byte 



High Byte 



NEC 



fiPD7832x 



Instruction Set (cont) 



Mnemonic Operand 



Operation 



Bytes States 



Flags Operation Code 

S Z AC P/V CY 7 6 5 4 3 2 1 



76- 6ft Arithmetic (cont) 



CMPW sfrp, #word 
(cont) 



sfrp -word 



10 



XXXVXOOOO 000 1 







1 1 1 



1 



Sfr-offset 



Low Byte 



High Byte 



rp, rpl 


rp-rp1 


2 


3 


X X 


X 


V 


X 


1 








1 


1 


1 


1 




P2 


Pi 


Po 


1 


02 Qi 


Qo 


AX.saddrp 


AX -(saddrp) 


2 


4 


X X 


X 


V 


X 








1 


1 


1 


1 


1 








Saddr-offset 






AX, sfrp 


AX -sfrp 


3 


9 


X X 


X 


V 


X 











1 1 
Sfr-offset 




1 



1 


1 
1 


saddrp, saddrp 


(saddrp) -(saddrp) 


3 


5 


X X 


X 


V 


X 








11 11 
Saddr-offset 


1 


1 








Saddr-offset 






MuitiplicationI Division 


MULU r1 


AX 4- A X r1 


2 


14 

























1 

R2 




Ri 


1 
Ro 


DIVUW r1 


AX (Quotient), r1 (Remainder) ^ AX ^ r1 


2 


23 



















1 





1 
R2 




Ri 


1 
Ro 


MULUW rpl 


AX (High Order 16 Bits), rpl 
(Low Order 16 Bits), -<- AX x rpl 


2 


22 




















1 





1 

02 Or 


1 
Qo 


DIVUX rpl 


AXDE (Quotient), rpl (Remainder) <- 
AXDE ^ rpl 


2 


43 






















1 





1 




1 


1 


1 




02 Oi 


Qo 


MULW* rpl 


AX (High Order 16 Bits), rpl 
(Low Order 16 Bits), i-AXx rpl 


2 


24-28 




















1 1 





1 

02 Oi 


1 
Qo 


Increment/ Decrement 


INC r1 


r1 ^ r1 + 1 


1 


2 


X X 


X 


V 




1 


1 








R2 


Ri 


Ro 


saddr 


(saddr) ^ (saddr) + 1 


2 


3 


X X 


X 


V 










10 1 
Saddr-offset 


1 





DEC r1 


r1 4-r1-1 


1 


2 


X X 


X 


V 




1 


1 





1 


R2 


Ri 


Ro 


saddr 


(saddr) <e (saddr) -1 


2 


3 


X X 


X 


V 










10 1 
Saddr-offset, 


1 


1 


INCW rp2 


rp2 -<- rp2 + 1 


1 


2 













1 








1 


Si 


So 


saddrp 


(saddrp) ^ (saddrp) + 1 


3 


4 












1 




1 


1 

10 10 

Saddr-offset 


1 




1 





* 16-bit signed multiply instruction. 



7-99 



|fPD7832x 



SEC 



Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags 
S Z AC P/V GY 


7 


6 


Operation Code 
5 4 3 2 1 





Increment/ Decrement (cont) 


DECW 


rp2 


rp2+-rp2-1 


1 


2 













1 





1 


1 Si 


So 




saddrp 


(saddrp) <<- (saddrp) -1 


3 


4 












1 




1 


11 
10 10 
Saddr-offset 


1 
1 


Shift/Rotate 


ROR 


r1,n 


(CY,rl7^^r1o, 
rlm-l ^ rim) x " 


2 


6+n 






p 


X 








1 


1 1 
N2 Ni 



No R2 Ri 




Ro 


ROL 


r1 , n 


(CY,r1o4-rl7, 
flm+i ^r1m)xn 


2 


6+n 






p 


X 








1 


1 1 
N2 Ni 



No 




R2 Ri 


1 
Ro 


RORC 


r1 , n 


(CY ^ r1o, rl7 ^ CY, 
rlm-l ^ r1m) x n 


2 


6+n 






p 


X 










1 1 
N2 Ni 



No R2 Ri 




Ro 


ROLC 


r1,n 


(CY<«-rl7,r1o^CY, 
rlm+i ^r1m)xn 


2 


6+n 






p 


X 










1 1 
N2 Ni 



No R2 Ri 


1 

"r^ 


SHR 


r1,n^^ . 


(CY^r1o,rl7^0, 
rlm-i ^ r1 J x n 


2 


6+n 


X X 





p 


X 









1 1 
N2 Ni 



No R2 Ri 




Ro 


SHL 


r1,n 


(CY«-rl7,r1o<-0, 
r1m + 1^r1m)xn 


2 


6+n 


X X 





p 


X 









1, 1 
N2 Ni 



No R2 Ri 


1 
Ro 


SHRW 


rp1,n 


(CY^rp1o,rp1i5^0, 
rp1m-1 ^ rp1m) x n 


2 


6+n 


X X 





p 


X 







1 


1 1 
N2 Ni 



No 



Q2 Qi 




Qo 


SHLW 


rp1 , n 


(CY<-rp1i5,rp1o^O, 
rp1m + i ^rp1m)xn 


2 


6+n 


X X 





p 


X 







1 


1 1 
N2 Ni 



No Q2 Qi 


1 
Qo 


ROR4 


[rp1] 


A3_o ^ (rp1 )3_o, (rp1 )7_4 4- A3_o, 
(rp1)3-o^(rp1)7-4 


2 


8 























1 


1 
Q2 Qi 


1 
Qo 


R0L4 


[rp1] 


A3-0 ^ (rp1)7-4. (rp1)3-0 ^ A3_o, 
(rp1)7_4^(rp1)3_o 


2 


8 


















1 




1 


1 
Q2 Qi 


1 
Qo 


BCD Adjustment 


ADJBA 




Decimal Adjust Accumulator 
after add 


2 


5 


X X 


X 


p 


X 














1 


1 




1 


1 


1 1 


1 


1 1 





ADJBS 




Decimal Adjust Accumulator 
after subtract 


2 


5 


XX 


X 


p 


X 














1 


1 




1 


1 


1 1 


1 


1 1 


1 


Data Expansion 


CVTBW 




X <*- A, Ae-o -^ A7 


1 


3 






















1 





Bit Manipulation 


M0V1 


CY.saddr.bit 


CY i- (saddr.bit) 


3 


6 








X 










10 
B2 Bi 
Saddr-offset 




Bo 




GY, sfr.bit 


CY ^ sfr.bit 


3 


9 








X 










1 
1 
Sfr-offset 



B2 Bi 



Bo 



7-100 



HEC 



|LrPD7832x 



Instruction Set (cont) 




Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 





Bit Manipulation (cont) 


M0V1 CY,A.bit 


CY ^ A. bit 


2 


6 


X 




















1 


1 


(cont) 














1 


B2 


Bi 


Bo 


CY, X.bit 


CY 4^ X.bit 


2 


6 


X 




















1 


1 



























B2 


Bi 


Bo 


CY, PSWH.bit 


CY ^ PSWH.bit 


2 


6 


X 




















1 



























1 


B2 


Bi 


Bo 


CY, PSWLbit 


CY <- PSWL.bit 


2 


6 


X 




















1 






























B2 


Bi 


Bo 


saddr.bit, CY 


(saddr.bit) ^ CY 


3 


5 
















1 






























1 





B2 


Bi 


Bo 
















Saddr-offset 






sfr.bit,CY 


sfr.bit ^ CY 


3 


8 
















1 






























1 


1 


B2 


Bi 


Bo 


















Sfr-offset 








A.bit,CY 


A.bit <H CY 


2 


7 






















1 


1 





















1 


1 


B2 


Bi 


Bo 


X.bit, CY 


X.bit ^ CY 


2 


7 






















1 


1 





















1 





B2 


Bi 


Bo 


PSWH.bit, CY 


PSWH.bit ^ CY 


2 


8 






















1 
























1 


1 


B2 


Bi 


Bo 


PSWL.bit,CY 


PSWL-bit ^ CY 


2 


8 


X X X X 




















1 
























1 





B2 


Bi 


Bo 


AND1 CY, saddr.bit 


CY +- CY AND (saddr.bit) 


3 


6 


X 











d 


1 



























1 








B2 


Bi 


Bo 
















Saddr-offset 










3 


6 


X 














1 










CY, /saddr.bit 


CY V CY AND (saddr.bit) 





















1 


1 





B2 


Bi 


Bo 
















Saddr-offset 






CY,sfr.bit 


CY 4- CY AND sfr.bit 


3 


9 


X 











, 


1 



























1 





1 


B2 


Bi 


Bo 


















Sfr-offset 








CY,/sfr.bit 


CY ^ CY AND sfr.bit 


3 


9 


X 














1 



























1 


1 


1 


B2 


Bi 


Bo 


















Sfr-offset 








CY,A.bit 


CY ^ CY AND A.bit 


2 


6 


X 




















1 


1 


















1 





1 


B2 


Bi 


Bo 


CY,/A.bit 


CY ^ CY AND A.bit 


2 


6 


X 




















1 


1 


















1 


1 


1 


B2 


Bi 


Bo 


CY, X.bit 


CY «- CY AND X.bit 


2 


6 


X 




















1 


1 


















1 








B2 


Bi 


Bo 



7-101 



pPD7832x 



HEC 



Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 





Bit Manipulation (cont) 


AND1 CY,/X.bit 
(cont) 


CY ^ CY AND X.brt 


2 


6 


X 















1 







B2 


1 

"b7 


1 
Bo 


CY, PSWH.bit 


CY ^ CY AND PSWH.bit 


2 


6 


X 




















1 


























1 


B2 


Bi 


Bo 


CY./PSWH.bit 


CY <H CY AND PSWH.bit 


2 


6 


X 




















1 























1 


1 


B2 


Bi 


Bo 


CY, PSWL.bit 


CY ^ CY AND PSWL.bit 


2 


6 


X 




















1 





























B2 


Bi 


Bo 


CY,/PSWL.bit 


CY 4- CY AND PSWL.bit 


2 


6 


X 




















1 























1 





B2 


Bi 


Bo 


0R1 CY, saddr.bit 


CY 4- CY OR (saddr.bit) 


3 


6 


X 














1 
























1 











B2 


Bi 


Bo 
















Saddr-offset 






CY./saddr.bit 


CY ^ CY OR (saddr.bit) 


3 


6 


X 














1 
























1 





1 





B2 


Bi 


Bo 
















Saddr-offset 






CY.sfr.bit 


CY ^ CY OR sfr.bit 


3 


9 


X 














1 
















1 








1 


B2 


Bi 


Bo 


















Sfr-offset 








CY,/sfr.bit 


CY ^ CY OR sfr.bit 


3 


9 


X 














1 
























1 





1 


1 


B2 


Bi 


Bo 


















Sfr-offset 








CY.A.bit 


CY ^ CY OR A.bit 


2 


6 


X 




















1 


1 







1 








1 


B2 


Bi 


Bo 


CY,/A.bit 


CY «- CY OR A.bit 


2 


6 


X 




















1 


1 















1 





1 


1 


B2 


Bi 


Bo 


CY, X.bit 


CY 4- CY OR X.bit 


2 


6 


X 




















1 


1 







1 











B2 


Bi 


Bo 


CY,/X.bit 


CY ^ CY OR X.bit 


2 


6 


X 




















1 


1 







1 





1 





B2 


Bi 


Bo 


CY, PSWH.bit 


CY ^ CY OR PSWn-bit 


2 


6 


X 




















1 










1 








1 


B2 


Bi 


Bo 


CY, /PSWH.bit 


CY 4- CY OR PSWn-bit 


2 


6 


X 




















1 


















1 





1 


1 


B2 


Bi 


Bo 


CY,PSWLbit 


CY ^ CY OR PSWL.bit 


2 


6 


X 




















1 


















1 











B2 


Bi 


Bo 


CY, /PSWL.bit 


CY ^ CY OR PSWL.bit 


2 


6 


X 




















1 


















1 





1 





B2 


Bi 


Bo 



7-102 



NEC 



jurPD7832x 



Instruction Set (cont) 


Mnemonic Operand 


Operation 




Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 





Bit Manipulation (cont) 


X0R1 CY, saddr.bit 


CY ^ CY XOR (saddr.bit) 


3 


6 




X 














1 


















1 








B2 


Bi 


Bo 




















Saddr-offset 






CY.sfr.bit 


CY i- CY XOR sfr.bit 


3 


9 




X 














1 






























1 





1 


B2 


Bi 


Bo 






















Sfr-offset 








CY,A.bit 


CY <- CY XOR A.bit 


2 


6 




X 




















1 


1 









1 





1 


B2 


Bi 


Bo 


CY,X.bit 


CY <- CY XOR X.bit 


. 2 


6 




X 




















1 


1 





















1 








B2 


Bi 


Bo 


CY, PSWH.bit 


CY ^ CY XOR 


PSWn-bit 


2 


6 




X 




















1 
























1 





1 


B2 


Bi 


Bo 


CY, PSWL.bit 


CY <- CY XOR 


PSWL.bit 


2 


6 




X 




















1 












1 








B2 


Bi 


Bo 


SET1 saddr.bit 


(saddr.bit) <- 1 




2 


4 











1 


1 





B2 


Bi 


Bo 




















Saddr-offset 






sfr.bit 


sfr.bit ^ 1 




3 


11 

















1 
























1 


B2 


Bi 


Bo 






















Sfr-offset 








A.bit 


A.bit ^ 1 




2 


6 























1 


1 















1 


B2 


Bi 


Bo 


X.bit 


X.bit ^ 1 




2 


6 























1 


1 






























B2 


Bi 


Bo 


PSWH.bit 


PSWH.bit <(- 1 




2 


7 






















1 



B2 


1 
Bi 



Bo 


PSWL.bit 


PSWL.bit <H1 




2 


7 


X X X X 


X 



















1 

































B2 


Bi 


Bo 


CLR1 saddr.bit 


(saddr.bit) ^ 




2 


4 











1 








B2 


Bi 


Bo 




















Saddr-offset 






sfr.bit 


sfr.bit ^ 




3 


11 

















1 

































1 


1 


B2 


Bi 


Bo 






















Sfr-offset 








A.bit 


A.bit ^ 




2 


6 


















1 




1 



B2 


1 

"b7 


1 
Bo 


X.bit 


X.bit ^ 




2 


6 























1 


1 
























1 





B2 


Bi 


Bo 


PSWH.bit 


PSWH.bit <- 




2 


7 



















1 




1 



B2 


1 
Bi 



Bo 


PSWL.bit 


PSWL-bit ^ 




2 


7 


X X X X 


X 




















1 



























1 





B2 


Bi 


Bo 



7-103 



|iiPD7832x 



HEC 



Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Fiags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 1 





Bit Manipulation (cont) 


N0T1 saddr.bit 


(saddr.bit) <r- (saddr.bit) 


3 


5 












1 


10 
11 B2 Bi 
Saddr-offset 




Bo 


sfr.bit 


sfr.bit ^ sfr.bit 


3 


11 












1 


1 

1 1 1 
Sfr-offset 



B2 Bi 



Bo 


A.bit 


A.bit <- A.bit 


2 


6 












1 




1 1 




1 


1 
B2 Bi 


1 
Bo 


X.bit 


X.bit ^ X.bit 


2 


6 












1 




1 1 






1 
B2 Bi 


1 
Bo 


PSWH.bit 


PSWH.bit V PSWH.bit 


2 


7 












1 




1 1 




1 


1 
B2 Bi 



Bo 


PSWL.bit 


PSWL.bit ^ PSWL-bit 


2 


7 


XX XX 


X 








1 




1 1 






1 
B2 Bi 



Bo 


SET1 CY 


CY^1 


1 


2 




1 





1 











1 


CLR1 CY 


CY<«-0 


1 


2 










1 














NOT1 CY 


CY<*-CY 


1 


2 




X 





1 








1 





Subroutine Linl(age 


CALL !addr16 


(SP-1)4-(PC + 3)h,(SP-2)^ 
(PC + 3)l, PC 4- addr16, SP ^ SP-2 


3 


6 












1 


1 














Low Addr 












HighAddr 






rp1 


(SP-1)^(PC + 2)h,(SP-2)4- 
(PC + 2)l, PCh <r rplH, PCl ^ rplL, 
SP^SP-2 


2 


7 












1 



1 




1 


1 

Q2 Qi 


1 
Qo 


[rp1] 


(SP-1)^(PC + 2)h,(SP-2)^ 

(PC + 2)l, PCh <- (rp1 + 1 ), PCl ^ (rp1 ), 

SP^SP-2 


2 


10 












1 




1 1 




1 


1 
Q2 Qi 


1 
Qo 


CALLF !addr11 


(SP-1)^(PC + 2)h,(SP-2)^ 
(PC + 2)l,PCi5.ii <- 00001, 
PC10-0 ^ addrll.SP <- SP-2 


2 


6 






1 





1 



f3 


ho fg 

f2 fi 





CALLT [addrS] 



(SP-1)<h(PC + 1)h,(SP-2) V 
(PC + 1)l, PCh ^ (TPFxBOOOH + 
2xaddr5 + 41H),PCL^ 
(TPFxSOOOH + 2 X addrS + 40H), 
SP<-SP-2 



^3 ^2 ti to 



BRK 



(SP-1) <- PSWh, (SP-2) ^ PSWl, 

(SP-3)4-(PC+1)h,(SP-4)v 

(PC + 1)l,PCl*-(003EH), 

PCh <- (003FH),SP ^ SP-4, IE ^ 



12 



10 1 



7-104 



NEC 



fiPD7832x 



Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 





Subroutine Linkage (cont) 


RET 


PCl<-(SP),PCh^(SP + 1), 
SP ^ SP + 2 


1 


6 







1 


1 


1 


1 





RETB 


PCl<-(SP),PCh^(SP+1), 
PSWl 4- (SP + 2), PSWh *- (SP + 3), 
SP^SP + 4 


1 


10 


R R R R R 





1 


1 


1 1 


1 


1 


RETI 


PCl<-(SP).PCh*-(SP+ 1), 
PSWl 4- (SP ( 2), PSWh ^ (SP + 3), 
SP ^ SP + 4 


1 


10 


R R R R R 





1 


1 


1 


1 


1 


Stack Manipulation 


PUSH sfrp 


(SP-1)^sfrH,(SP-2)^sfrL, 
SP^SP-2 


3 


9 






1 




1 


1 

1 10 

Sfr-offset 


1 



1 

1 


post 


{(SP-1)^rppH,(SP-2)^rppL, 
SP^SP-2}xn* 


2 


9-51** 










11 1 
Post Byte 





1 


PSW 


(PS-1) ^ PSWh, (SP-2) ^ PSWl, 
SP^SP-2 


1 


3 







1 





1 





1 



PUSHU post 



POP sirp 



MOVW SP, #word 



{(UP-1)^rppH,{UP-2)<-rppL. 
UP^UP-2[ xn* 



10-52* 



11 111 



Post Byte 



sfrL ^ (SP),sfrH *-(SP i 1). 
SP 4- SP i 2 



111 
110 1 10 



Sfr-offset 





post 


rppL^(SP),rppH^(SP+1) 
SP^SP + 2Jxn* 


2 


13-62** 












11 10 
Post Byte 







PSW 


PSWl ^ (SP), PSWh ^ (SP + 1 ) 
SP4-SP + 2 


1 


5 


R R R 


R R 





1 


10 





POPU 


post 


rppL^(UP)rppH<-(UP + 1), 
UP^UP + 2[ xn* 


2 


15-64** 












1 1 1 1 
Post Byte 






SP i- word 







10 11 



1 111 



1 1 



Low Byte 



High Byte 





SP,AX 


SP^AX 


2 


6 











1 








1 














1 


1 


1 


1 


1 


1 










AX.SP 


AX 4- SP 


2 


6 











1 























1 


1 


1 


1 


1 


1 








INCW 


SP 


SP ^ SP + 1 


2 


3 

















1 

















1 


1 








1 











DECW 


SP 


sp<r-sp-^ 


2 


3 

















1 

















1 


1 








1 











rpp refers to register pairs specified in post byte, n is tlie number 
of register pairs specified in post byte. 

Tiie details of tiie timing are described under "Timing of tiie PUSH 
and POP Instructions." 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 





Pin Level Test 


CHKL 


sfr 


(Pin level) XOR (internal signal level) 


3 


12 


XX P 




1 




1 







1 
Sfr-offset 


1 



1 




1 




CHKLA 


sfr 


A i- (Pin level) XOR (internal signal level) 


3 


12 


XX P 




1 




1 







1 


1 



1 




1 
1 










Sfr-offset 








Unconditional Branch 


BR 


!addr16 


PC +- addrie 


3 


4 










1 


1 
Low Addr 


1 
















HighAddr 










rp1 


PCH<-rplH,PCL4-rplL 


2 


4 
















1 





1 

















1 





1 


02 Qi 


Qo 




(rp1] 


PCH^(rp1 + 1),PCL<^(rp1) 


2 


8 
















1 





1 







1 


1 


1 


02 Oi 


Qo 




$addr16 


PC ^ addr16 


2 


4 













1 
jdisp 


1 








Conditional Branch 


BC, 


$addr16 


PC^addr16ifCY=1 


2 


4 


















1 


1 


BL 








jdisp 








BNC, 


$addr16 


PC*-addr16ifCY = 


2 


4 


















1 





BNL 


















jdisp 








BZ, 


$addr16 


PC^addr16ifZ = 1 


2 


4 





















1 


BE 








jdisp 








BNZ, 


$addr16 


PC^addr16ifZ = 


2 


4 
























BNE 


















jdisp 








BV, 


$addr16 


PC4-addr16ifP/V=1 


2 


4 















1 





1 


BPE 


















jdisp 








BNV, 


$addr16 


PC^addr16ifP/V = 


2 


4 















1 








BPO 


















jdisp 








BN 


$addr16 


PC^addr16ifS = 1 


2 


4 




— 









jdisp 


1 


1 


1 


BP 


$addr16 


PC<-addr16ifS = 


2 


4 




— 









jdisp 


1 


1 





BGT 


$addr16 


PC <r- addr16if(P/V XOR S) OR Z = 


3 


5 









1 




1 




1 1 
jdisp 


1 




1 
1 


1 
1 


BGE 


$addr16 


PC ^ addr16 if P/V XOR S = 


3 


5 
















1 


1 


1 














— 


1 


1 


1 1 
jdisp 








1 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Fiags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 





Conditional Brancti (cont) 


BLT $addr16 


PC ^ addr16if P/V XOR S = 1 


3 


5 






1 







1 




1 1 


1 



1 



1 












jdisp 








BLE $addr16 


PC <- addr16if (P/V XOR S) OR Z= 1 


3 


5 















1 


1 


1 




1 




1 


1 1 
jdisp 





1 





BH $addr16 


PC vaddr16ifZ OR CY = 


3 


5 






1 






1 




1 1 


1 
1 


1 




1 
1 










jdisp 








BNH $addr16 


PC4-addr16ifZOR CY=1 


3 


5 






1 






1 




1 1 


1 

1 


1 




1 












jdisp 








BT saddr.bit, 
$addr16 


PC ^addr16 if (saddr.bit) = 1 


3 


7 









11 Bg 
Saddr-offset 


Bi 


Bo 










jdisp 









str.bit, $addr16 PC ^ addr16 if sfr.bit = 1 



10 
10 11 1 B2 Bi Bq 
Sfr-offset 



jdisp 



A.bit,$addr16 


PC^addr16ifA.bit=1 


3 


8 

















1 


1 










1 





1 


1 1 

jdisp 


B2 


A 


Bo 


X.bit,$addr16 


PC4-addr16ifX.bit=1 


3 


8 

















1 


1 




1 





1 


1 


B2 


Bi 


Bo 
















jdisp 








PSWH.bit, 
$addr16 


PC -(-addrie if PSWH.bit = 1 


3 


8 



1 








1 




1 1 
jdisp 



B2 


1 





PSWL.bit, 
$addr16 


PC ^addrie if PSWL.bit = 1 


3 


8 




1 








1 




1 
jdisp 



B2 


1 



Bo 
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Instruction Set (cont) 



Mnemonic Operand Operation 



Fiags Operation Code 

Bytes States S Z AC P/V CY 7 6 5 4 3 2 1 



Conditional Brancli (cont) 



BF saddr.bit, $addr16 PC i- addr16 if (saddr.bit) = 



10 
10 10 B2 Bi Bo 
Saddr-offset 
jdisp 



sfr.bit, $addr16 PC ^ addr16 if sfr.bit = 



BTCLR saddr.bit, $addr16 PC 4- addr16 if (saddr.bit) = 1 
then reset (saddr.bit) 



8/10 



10 
10 10 1 B2 Bi Bq 
Sfr-offset 
jdisp 



A.bit, $addr16 PC ^ addr16 if A.bit = 


3 


8 

















1 


1 








1 





1 


1 
jdisp 


B2 


Bi 


Bo 


X.bit, $addr16 PC v addr16 if X.bit = 


3 


8 

















1 


1 








1 





1 



jdisp 


B2 


Bi 


Bo 


PSWH.bit,$addr16 PC ^ addrlSif PSWH-bit = 


3 


8 

















1 











1 





1 


1 


B2 


Bi 


Po 










jdisp 








PSWLbit, $addr16 PC <*- addr16 if PSWL-bit = 


3 


8 

















1 











1 





1 



jdisp 


B2 


Bi 


Bo 



10 

1 1 1 B2 P.1 Bo 



Saddr-offset 



jdisp 



sfr.bit, $addr16 PC <- addr16 if sfr.bit = 1 
then reset sfr.bit 



8/10 



10 
110 1 1 B2 Bi Bo 
Sfr-offset 
jdisp 



A.bit,$addr16 


PC^addr16ifA.bit=1 
then reset A.bit 


3 


8/10 














1 


1 




1 


1 





1 1 


B2 Bi 


Bo 
















jdisp 






X.bit,$addr16 


PC4-addr16ifX.bit=1 
then reset X.bit 


3 


8/10 














1 


1 




1 


1 





1 


B2 Bi 


Bo 
















jdisp 






PSWH.bit, 


PC^addr16ifPSWH.bit = 1 


3 


8/10 














1 





$addr16 


then reset PSWH.bit 






1 


1 





1 1 

jdisp 


B2 Bi 


Bo 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Bytes 


States 


Flags Operation Code 
S Z AC P/V CY 7 6 5 4 3 2 1 


Conditional Branch (cont) 


BTCLR PSWL.bit, PC ^ addr16 if PSWL-bit = 1 


3 


8/10 


XXXXXOOOO 001 


(cont) $addr16 then reset PSWL-bit 


110 1 B2 Bi Bo 




jdisp 



BFSET saddr.bit, 
$addr16 



PC -e addrie if (saddr.bit) = 
tiien set (saddr.bit) 



8/10 



10 
110 Bg Bi Bq 
Saddr-offset 



jdisp 



sfr.bit, $addr16 PC ^ addr16 if sfr.bit = 
then set sfr. bit 



8/10 



10 

1 1 1 B2 Bi Bo 

Sfr-offset 
jdisp 



A.bit,$addr16 


PC <(- addrie if A.bit = 
then set A.bit 


3 


8/10 



1 




1 








1 

jdisp 



B2 


1 

Bi 


1 
Bo 


X.bit,$addr16 


PC ^ addrie if X.bit = 
then set X.bit 


3 


8/10 



1 




1 










jdisp 



B2 


1 
Bi 


1 
Bo 


PSWH.bit, 


PC ir- addrie if PSWn-bit = 
then set PSWn-bit 


3 


8/10 

















1 





$addr16 


1 


1 





1 
jdisp 


B2 


Bi 


Bo 


PSWLbit, 
$addr16 


PC 4- addrie if PSWL.bit = 
then set PSWL.bit 


3 


8/10 


X X X X X 

1 




1 










jdisp 




B2 


1 
Bi 



Bo 


DBNZ r2,$addr16 


r2^r2-1, 
thenPC4-addrieifr2*0 


2 


5/e 








1 


1 
jdisp 





1 


Co 


saddr,$addr16 


(saddr)4-(saddr)-1, 
then PC ^ addrie if saddr * 


3 


e/7 








11 10 
Saddr-offset 


1 


1 










jdisp 








Context Switching 



BRKCS RBn 



RETCS laddrie 



PCh ^ R5, PCl ^ R4, 
R7 ^ PSWh, Re 4- PSWl, 
RBS2.0 ^ n, RSS <- 0, IE <<- 

PCh <r- R5, PCl ^ R4, 

R5, R4 4- addrie, PSWh <- R7 

PSWl ^ R6 (priority change) 



10 1 
110 1 1 N2 Ni No 



RRRRR 001 U 1UU 



Low Addr 



HighAddr 



RETCSB laddrie 



PCh ^ R5, PCl <- R4, 

R5, R4 4- addrie, PSWh ^ R7 

PSWl 4- R6 (no priority change) 



RRRRR 0000 1 00 1 



1110 



Low Addr 
High Addr 
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Instruction Set (cont) 




Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


Operation Code 
5 4 3 2 


1 


string Manipulation 


MOVM [DE+],A 


(DE+)^A,C*-C-1 
EndifC = 


2 


3+6n 

















1 







1 
























[DE-LA 


{DE-)^A,C^C-1 
EndifC = 


2 


3+6n 
























1 























MOVBK [DE+],[HL+] 


(DE+)^(HL+),C<«-C-1 
EndifC = 


2 


3+9n 
























1 










1 












[DE-],IHL-] 


(DE-)^(HL-),C4-C-1 
EndifC = 


2 


3+9n 
























1 










1 












XCHM [DE+],A 


(DE+)^A,C^C-1 
EndifC = 


2 


3+10n 
























1 




















1 


[DE-].A 


(DE-)4^A,C<t-C-1 
EndifC = 


2 


3+10n 
























1 




















1 


XCHBK [DE+],[HL+] 


(DE+)^(HL+),C«-C-1 
EndifC = 


2 


3+16n 
























1 










1 









1 


[DE-],[HL-] 


(DE-)4*(HL-),C^C-1 
EndifC = 


2 


3+16n 
























1 










1 









1 


CMPME [DE+],A 


{DE+)-A,C^C-1 
EndifC = OorZ = 


2 


3+10n 


XXX 


V 


X 


















1 























[DE-],A 


(DE-)-A.C^C-1 
EndifC = OorZ = 


2 


3+10n 


XXX 


V 


X 


















1 























CMPBKE [DE+],[HL+] 


(DE+)-(HL+),C<-C-1 
EndifC = OorZ = 


2 


3+13n 


XXX 


V 


X 


















1 










1 












[DE-],[HL-] 


(DE-)-(HL-),C4-C-1 
EndifC = OorZ = 


2 


3+13n 


XXX 


V 


X 


















1 










1 












CMPMNE [DE+],A 


(DE+)-A,C^C-1 
EndifC = 0orZ=1 


2 


3+10n 


XXX 


V 


X 


















1 




















1 


[DE-],A 


(DE-)-A,C4-C-1 
EndifC = 0orZ=1 


2 


3+10n 


X X X 


V 


X 


















1 




















1 


CMPBKNE[DE+],[HL+] 


(DE+)-(HL+),C^C-1 
EndifC = 0orZ=1 


2 


3+13n 


XXX 


V 


X 


















=0 1 










1 









1 


[DE-MHL-] 


(DE-)-(HL-),C^C-1 
EndifC = 0orZ=1 


2 


3+13n 


X X X 


V 


X 


















1 










1 









1 


CMPMC [DE+],A 


(DE+)-A,C4-C-1 
EndifC = OorCY = 


2 


3+10n 


XXX 


V 


X 


















1 





















1 1 


[DE-],A 


(DE-)-A,C^C-1 
EndifC = OorCY = 


2 


3+10n 


XXX 


V 


X 


















1 




















1 1 


CMPBKC [DE+],[HL+] 


(DE+)-(HL+),C^C-1 
EndifC = OorCY = 


2 


3+13n 


XXX 


V 


X 


















1 










1 










1 1 


[DE-],[HL-] 


{DE-)-(HL-),C^C-1 
EndifC = OorCY = 


2 


3+13n 


XXX 


V 


X 


















1 










1 









1 1 
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MOV 



STBC, #byte STBC +- byte* 



WDM, #byte WDM ^ byte* 



Instruction Set (cont) 


Mnemonic Operand 


Operation 


Bytes 


States 


Flags 
S Z AC P/V CY 


7 


6 


5 4 3 2 


1 





String Manipulation (cont) 


CMPMNC [DE+],A 


(DE+)-A,C^C-1 
EndifC = 0orCY=1 


2 


3+10n 


XXX 


V 


X 














1 












1 


1 




[DE-],A 


(DE-)-A,C^C-1 
EndifC = 0orCY = 1 


2 


3+10n 


XXX 


V 


X 











1 










1 













1 







1 





CMPBKNC[DE+],[HL+] 


(DE+)-(HL+),C^C-1 
EndifC = 0orCY = 1 


2 


3+13n 


XXX 


V 


X 












1 


1 












1 


1 




[DE-],[HL-] 


(DE-)-(HL-),C^C-1 
EndifC = 0orCY = 1 


2 


3+13n 


XXX 


V 


X 












1 


1 
1 










1 


1 




CPU Control 



* Trap if data bytes are not ones complement. 
If trap, then: (SP-1) ^ PSWh, 

(SP-2) ^ PSWl, (SP-3) ir- (PC-4)h, (SP-4) ^ (PC-4)l, 
PCl <- (003CH), PCh <- (003DH), 
SP ^ SP-4, IE i- 0. 







1 



110 







Data 



Data 







1 



110 



1 



Data 



Data 



SWRS 




RSS ^ RSS 


1 


2 





1 











1 


1 


SEL 


RBn 


RSS ^ 0, RBS2-0 <- n 


2 


3 



1 








1 








1 


1 
N2 Ni 


1 

No 




RBn, ALT 


RSS ^ 1 , RBS2.0 ^ " 


2 


3 



1 








1 




1 




1 


1 
N2 Ni 


1 
No 


NOP 




No Operation 


1 


2 























El 




IE ^ 1 (Enable Interrupt) 


1 


3 





1 








1 


1 


1 


Dl 




IE ^ (Disable Interrupt) 


1 


3 





1 








1 


1 
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NEC Electronics Inc. 



JIIPD71P301 

Memory Extender and Port Re-Creation 

Logic (Turbo Access IManager) 



Description 

The /iPD71P301 is a very high-performance port and 
memory expansion device that is designed to comple- 
ment the /L/PD7832X microcomputer. The /JPD71P301 
contains special logic which allows the /iPD7832X to 
perform full-speed memory access, as well as utilize 
lost I/O ports normally used for the external memory 
interface. In addition to the port re-creation logic, the 
part contains 1K bytes of static RAM and 16K bytes of 
EPROM or OTP memory The/iPD71P301 also has chip- 
select logic that allows cascading of multiple devices to 
form additional ports and memory. 

The /iPD71P301 is ideal for systems where external 
memory is required but access speed is critical to the 
application. This two-chip solution Is also an excellent 
development system option since software and hard- 
ware can be fully emulated without high part count and 
speed limitations. 

Features 

n 16K-bytes UV EPROM or OTP; compatible with 
27C256A 

n 1K-bytesSRAM 

D Two 8-bit I/O ports 

D One cycle/byte instruction fetch 

a 8-or 16-blt bus interface 

n Instruction pre-fetch pointer 

n Address latch 

D Chip-select logic 

D Address/data distinction 

D Single 5 V supply 

n CMOS silicon gate technology 



i*PD71P301 Architecture 




Ordering Information 



Part Number 




Availability 


/iPD71P301GF-3BE 


64-pin plastic 
QFP (OTP) 


Now 


/iPD71 P301 GQ-36 


64-pin plastic 
QUIP (OTP) 


Now 


/JPD71P301KA 


44-pin ceramic 
LOG (EPROM) 


Now 


/iPD71 P301 KB 


64-pin ceramic 
LOG (EPROM) 


Now 


/iPD71P301L 


44-pin PLGG 
(OTP) 


Now 


/iPD71P301RQ 


64-pin ceramic 
QUIP (EPROM) 


Now 
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Block Diagram 



vcc 

Vpp 

vss 

UBE 

ALE 

OE 

WE 

TAS 

TMD 

RESET 

ci 



AD0-AD15 <^ 
A16-A19 <^ 



Bus 
Interface 



c 



II 



1 



IK-bytes 
SRAM 



H 



System 
Control 



n 



^ 



16K-bytes 
UVPROM 



H 



o 



Relocation 
Control 



H 



O Po" 



Chip Select 
Control 



<V> PA0-PA7 



<X> ^^O-CSg 
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Intelligent LCD Controller/Drivers 



SEC 



Section 8 

/iPD722x Series: 

Inteiiigent LCD Controller/Drivers 



MPD7225 

CMOS, Intelligent, Alphanumeric 
LCD Controller/Driver 


8-3 


fiPD7227 

CMOS, Intelligent, Dot-Matrix 
LCD Controller/Driver 


8-13 


MPD7228/28A 

CMOS, Intelligent, Dot-Matrix 
LCD Controller/Driver 
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//PD7225 

CMOS, Intelligent, Alphanumeric 

LCD Controller/Driver 



Description 

The jL(PD7225 is an intelligent peripheral device de- 
signed to interface nnost microprocessors with a wide 
variety of alphanunneric LCDs. It can directly drive any 
static or multiplexed LCD containing up to 4 backplanes 
and up to 32 segments and is easily cascaded for larger 
LCD applications. The |l(PD7225 communicates with a 
host microprocessor through an 8-blt serial interface. It 
includes a 7-segment numeric and a 14-segment alpha- 
numeric segment decoder to reduce system software 
requirements. The |l(PD7225 is manufactured with a low 
power consumption CMOS process allowing use of a 
single power supply between 2.7 V and 5.5 V. It is availa- 
ble in a space-saving 52-pin plastic flat package. 

Features 



Pin Configuration 



D 

n 
n 



D 

n 

D 
D 

D 



D 
D 
D 



Single chip LCD controller with direct LCD drive 
Low cost serial interface to most microprocessors 
Compatible with 

— 7-segment numeric LCD configurations 
up to 16 digits 

— 14-segment alphanumeric LCD configurations 
up to 8 characters 

Selectable LCD drive configuration: 

— Static, biplexed, triplexed, or quadruplexed 
32-segment drivers 

Cascadable for larger LCD applications 
Selectable LCD bias voltage configuration: 

— Static, 1/2 or 1/3 

Hardware logic blocks reduce system software 
requirements 

— 8-bit serial interface 

— Two 32 X 4-bit static RAMs for display data and 
blinking data storage 

— Programmable segment decoding capability: 

- 16-character, 7-segment numeric decoder 

- 64-character, 14-segment USASCII 
alphanumeric decoder 

— Programmable segment blinking capaDiiity 

— Automatic synchronization of segment drivers 
with sequentially multiplexed backplane 
drivers 

Single power supply, variable from 2.7 V to 5.5 V 
Low power consumption CMOS technology 
Extended -40°Cto -i-85°C temperature range 



<E iE <Ji (H Ji J) > J) <H ^ (H (5?to 




R H R R R H R R R R R H H 






^ 39 38 37 36 35 34 33 32 31 30 29 28 27 > 




s2onii 


o 

41 ^^ 25 


ins7 


S2iai: 


IDSe 


S22ni: 


42 24 


inss 


S23nr 


43 23 


zns4 


S24nr 


44 22 


m S3 


S25nr 


45 21 


ins2 


S26ni: 


46 ^^PD7225 20 


IDSi 


S27nr 


47 19 


ID So 


S28nr 


48 18 


ID COM3 


S29nr 


49 17 


~m COM2 


Saoor 


50 16 


ID COMi 


S3inr 


51 ^ 15 

52 O W 14 


ID COMo 


CL1 nr 


ID NC 




k. 1 2 3 4 5 6 7 8 9 10 11 12 13 > 






: i~i": ::::::::: 
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Pin Identification 



No. 


Symbol 


Function 


1 


CL2 


System clock output 


2 


SYNC 


Synchronization port 


3-5 


VlCDI" 

Vlcds 


LCD bias voltage supply inputs 


6 


Vss 


Ground 


7,33 


Vdd 


Power 


8 


SCK 


Serial clock input 


9 


SI 


Serial input 


10 


CS 


Chip select 


11 


BUSY 


Busy output 


12 


C/D 


Command or data select input 


13 


RESET 


Reset input 


14 


NC 


No connection 


15-18 


COM0-COM3 


LCD backplane driver outputs 


19-32, 34-51 


S0-S31 


LCD segment driver outputs 


52 


CL1 


System clock input 



Ordering Information 




Part Number Package Type 


Max Frequency 
of Operation 


//PD72256-00 52-pin plastic QFP 


1MHz 



50272 (NECEL-488) 
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Pin Functions 

COM0-COM3 

LCD backplane driver outputs. 

S0-S31 

LCD segment driver outputs. 

VlcD1-VlcD3 

LCD bias voltage supply inputs to the LCD voltage con- 
troller. Apply appropriate voltages from a voltage ladder 
connected across Vdd- 

SI 

Serial input from the microprocessor. 

SCK 

Serial clock input. Synchronizes 8-bit serial data trans- 
fer from the microprocessor to the /.<PD7225. 



BUSY 



Handshake output indicates the ]uPD7225 is ready to re- 
ceive the next data byte. 

C/D 

Command/data select Input. Distinguishes serially in- 
put data byte as a command or as display data. 



OS 

Chip select input. Enables the pfPD7225 for data input 
from the microprocessor. When CS is deselected, the 
display can be updated. 



SYNC 

Synch ronization port. For multichip operation, tie all 
SYNC lines together. 

CL1 

System clock input. Connect CL1 either to CL2 with a 
180 kQ resistor, or to an external clock source. 

CL2 

System clock output. Connect CL2 to CL1 with a 180 kQ 
resistor, or leave open. 



RESET 



Reset input. R/C circuit or pulse initializes the )L(PD7225 
after power-up. 

Vdd 

Power supply positive. Apply single voltage ranging 
from 2.7 to 5.5 V for proper operation. 

vss 

Ground. 
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Block Diagram 



vdd 
vlcdi 

VLCD2 
VLCD3 

vss 

CL1 
CL2 



COM0-COM3 




Backplane Drivers 



:^ 



LCD 

Timing 

Controller 



Clock 
Oscillator 



Interface 
Controller 



^ 





LCD 
Voltage 
Controller 













CS C/D BUSY 



Segment 
Decoder 



S0-S31 




Segment Drivers 



Display Latch 



32 X 4 Bit 
Display RAM 



C 



Data 
Pointer 







Serial Interface 



n 



32 X 4 Bit 
Blinking RAM 



Command 
Decoder 
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Absolute Maximum Ratings 

•FX = 25°C 



DC Characteristics (cent) 

Ta = -40°C to +85 °C, Vdd = +5 V ±10% 



Power supply voltage, Vqd 


-0.3Vto+7V 


Input voltage, V| 


-0.3VtoVDD+0.3V 


Output voltage, Vq 


-0.3VtoVDD+0.3V 


Operating temperature, Tqpt 


-40'»C to +85«C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

DC Cliaracteristics 

Ta= -10°Cto +70°C,Vdd= +5V±10% 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


TVP 


IMax 


Conditions 


Input voltage 
low 


ViL 







0.3VDD 


V 




Input voltage 
high 


V|H 


0.7VDD 




Vdd 


V 




Output voltage 


V0L1 






0.5 


V 


BUSY Iol = 100mA 


low 


V0L2 






1.0 


V 


^^OM, 


Output voltage 
high 


VOH 


Vdd 

-0.5 






V 


BUSY, SYNC 


Input leakage 
current low 


lUL 






-2 


mA 


V|L = OV 


Input leakage 
current high 


Ilih 






2 


mA 


Vih=Vdd 


Output leakage 


'lol 






-2 


mA 


VoL = OV 


current 


'loh 






2 


mA 


Voh=Vdd 


Output short 
circuit current 


Iqs 






-300 


mA 


SYNC, Vo = 1.0 V 


Backplane 
driver output 
impedance 


RCOM 




5 


7 


kQ 


COM0-COM3, 

Vdd^Vlcd 
(Notel) 


Segment 
driver output 
impedance 


RSEG 




7 


14 


kQ 


S0-S3I. 

Vdd^Vlcd 
(Notel) 


Supply current 


'dd 




100 


250 


mA 


CL1 external clock, 
f^=200kHz 



Note: 

(1) Applies to static-, 1/2-, and 1/3-LCD bias voltage schemes. 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


TVp Max 


Conditions 


Input voltage 


V|L1 





0.3VDD 


V 


Except SCK 


low 


V|L2 





0.25 Vdd 


V 


SCK 


Input voltage 


V|H1 


0.7VDD 


Vdd 


V 


Except SCK 


high 


V|H2 


0.75 Vdd 


Vdd 


V 


SCK 


Output voltage 


V0LI 




0.5 


V 


BUSY loL = 100|L(A 


low 


V0L2 




1.0 


V 


l0L = 1.05 mA 

SYNC 


Output voltage 
high 


VoH 


Vdd 
-0.75 




V 


BUSY SYNC, 
IOH=-7juA 


Input leakage 
current low 


Ilil 




-2 


mA 


V|L = OV 


Input leakage 
current high 


'lih , 




2 


mA 


V|H = Vdd 


Output leakage 


•lol 




-2 


mA 


VoL = OV 


current 


'loh 




2 


mA 


Voh=Vdd 


Output short 
circuit current 


los 




-350 


SYNC, Vo = 1.0 V 


Backplane 
driver output 
impedance 


RcoM 




5 8 


kQ 


COM0-COM3, 

Vdd^Vlcd 
(Notel) 


Segment 
driver output 
impedance 


RSEG 




7 20 


kQ 


S0-S31. 

Vdd^Vlcd 

(Notel) 


Supply current 


'dd 




90 250 


lA 


CL1 external clock, 
Vdd=3.0V±10%, 
f^ = 180kHz 



Note: 

(1) Applies to static-, 1/2-, and 1/3-LCD bias voltage schemes. 



Capacitance 



TA = 25<>C,f^ = 


= 1MHz 














Limits 




Unit 


Test 


Parameter 


Symbol Min 


TVp 


Max 


Conditions(l) 


Input 
capacitance 


C| 




10 


PF 




Output 


C01 




20 


PF 


Except bDsY 


capacitance 


C02 




15 


pF 


BUSY 


I/O 
capacitance 


C|0 




15 


pF 


SYNC 


Clock 
capacitance 


c^ 




30 


pF 


CL1 input 



Note: 

(1) All unmeasured pins returned to V. 
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AC Characteristics 

Ta = -40°C to +85 ''C, Vdd = +5 V ±10% 





Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


TVp lyiax 


Conditions 


Clock frequency f,}, 


75 


180 


kHz 






^OSC 


80 


130 180 


kHz 


R = 180kQ+5% 


Clock pulse 
width low 


HWL 


2 


10 


MS 


CL1, external clock 


Clock pulse 
width high 


HWH 


2 


10 


MS 


CL1, external clock 


SCK cycle 


^CYK 


1.2 




us 




SCK pulse width tKWL 
low 


500 




ns 




SCK pulse width tKWH 
high 


500 




ns 




BUSY t to SCK ^ 
hold time 


tBHK 







ns 




SI setup time to 
SCKt 


t|SK 


100 




ns 




SI hold time 
after SCKt 


t|HK 


200 




ns 




8th SCKt to 
BUSY i delay 
time 


^KDB 




3 


MS 


Cl = 50pF 


CSitoBUSYi 
delay time 


tCDB 




1.5 


MS 


Cl = 50pF 


C/D setup time 
to 8th SCK t 


toSK 


9 




MS 




C/D hold time 
after 8th SCK t 


tOHK 


1 




MS 




CS hold time 
after 8th SCKt 


tCHK 


1 




MS 




CS pulse width 
low 


tCWL 


8/^ 




MS 




CS pulse width 
high 


tcWH 


8/^ 




MS 




SYNC load 
capacitance 


Cl 




50 


PF 


to = 200 kHz 



Ta = 0°C to +70<»C, Vdd = 2.7 V to 5.5 V 










Limits 




Unit 


Test 




Min 


TVp 


Max 


Conditions 


Clock frequency t^ 


50 




140 


kHz 




^osc 


50 


100 


140 


kHz 


R = 180kQ+5%, 
Vdd=3.0V±10% 


Clock pulse t<}>wL 
width low 


3 




16 


MS 


CL1, external clock 


Clock pulse t,|>wH 
width high 


3 




16 


MS 


CL1, external clock 


SCK cycle tcvK 


4 






MS 




SCK pulse width tKWL 
low 


1.8 






MS 




SCK pulse width tKWH 
high 


1.8 






MS 




BUSY tto SCK 1 tBHK 
hold time 









ns 




SI setup time to t|SK 
SCKt 


1 






MS 




SI hold time t|HK 
after SCKt 


1 






MS 




8th SCK t to tKDB 
BUSY i delay 
time 






5 


MS 


Cl = 50pF 


CSitoBUSYI tcDB 
delay time 






5 


MS 


CL=50pF 


C / "Dsetup time tosK 
to 8th SCK t 


18 






MS 




C/D hold time tpHK 
after 8th SCKt 


. 1 






MS 




CS hold time Ichk 
after 8th SCKt . 


1 






MS 




CS pulse width tcwL 
low 


8/f<j, 






MS 




CS pulse width tcwH 
high 


8/f^ 






MS 




SYNC load Cl 
capacitance 






50 


pF 


f<j, = 200kHz 







All Inputs - 



All Outputs - 
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Timing Waveforms 

Clock 




Serial Interface 



-^. 



-tCDB 



::'\^' 



-tBHKH 



- tCYK- 



tKWL 



'^^JlJ ,.„,.. , S-^H-C _ _ 2v_21L^^ 



tKWH 

M -► 



tlHK 

-< ► 



tZ^^HIIK 



-tDSK- 



-tCHK- 



/ 



-tCWH" 



v^r.:::\_ 



tKDB 



-tDHK- 
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Instruction Set (Note 1) 




Hex 
Code 






Operation Code 






Command Description 


D? 


De 


Dg D4 D3 D2 


Di 


Do 


Mode Set Initialize the ptPD7225, including selection of: 

1) LCD drive configuration 

2) LCD bias voltage configuration 

3) LCD frame frequency 


40-5F 





1 


d4 d3 d2 


di 


do 



Unsynchronous Data Transfer 


Synchronize display RAM data transfer to display latch with CS 


30 








1 1 














Synchronous Data Transfer 


Synchronize display RAM data transfer to display latch with LCD 
drive cycle 


31 








1 1 











1 


Interrupt Data Transfer 


Interrupt display RAM data transfer to display latch 


38 








1 1 


1 











Load Data Pointer 


Load data pointer with 5 bits of immediate data 


EO-FF 


1 


1 


1 d4 


ds 


d2 


di 


do 


Clear Display RAM 


Clear the display RAM and reset the data pointer 


20 








1 















Write Display RAM 


Write 4 bits of immediate data to the display RAM location 
addressed by the data pointer; increment data pointer 


DG-DF 


1 


1 





1 d3 


d2 


di 


do 


AND Display RAM 


Perform a logical AND between the display RAM data addressed by 
the data pointer and 4 bits of immediate data; write result to same 
display RAM location. Increment data pointer 


90-9F 


1 








1 d3 


d2 


di 


do 


OR Display RAM 


Perform a logical OR between the display RAM data addressed by 
the data pointer and 4 bits of immediate data; write result to same 
display RAM location; increment data pointer 


BO-BF 


1 





1 


1 ds 


d2 


di 


do 


Enable Segment Decoder 


Start use of the segment decoder 


15 











1 


1 





1 


Disable Segment Decoder 


Stop use of the segment decoder 


14 











1 


1 








Enable Display 


Turn on the LCD 


11 











1 








1 


Disable Display 


Turn off the LCD 


10 











1 











Clear Blinking RAM 


Clear the blinking RAM and reset the data pointer 


00 























Write Blinking RAM 


Write 4 bits of immediate data to the blinking RAM location 
addressed by the data pointer; increment data pointer 


CO-CF 


1 


1 





da 


d2 


di 


do 


AND Blinking RAM 


Perform a logical AND between blinking RAM data addressed by 
the data pointer and 4 bits of immediate data; write result to same 
blinking location; increment data pointer 


80-8F 


1 








ds 


d2 


di 


do 


OR Blinking RAM 


Perform a logical OR between blinking RAM data addressed by the 
data pointer and 4 bits of immediate data; write result to same 
blinking location; increment data pointer 


AO-AF 


1 





1 


da 


d2 


di 


do 


Enable Blinking 


Start segment blinking at the frequency specified by 1 bit of 
immediate data 


1A-1B 











1 1 





1 


do 


Disable Blinking 


Stop segment blinking 


18 











1 1 












Note: 

(1) Details of operation and application exannples can be found in the /iPD7225 Intelligent Alphanumeric LCD Controller/ Driver Technical Manual. 
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Operating Characteristics 

Ta = 25°C 



External Resistance vs Oscillation Frequency 



Supply Voltage vs Oscillation Frequency 




200 
External Resistance R (kQ) 

















R = 18012^^ 






^ 


^ 






y 






CL2 CLi 






UsJ 




t^- 






1 



Supply Voltage VpD (V) 



Supply Voltage vs Supply Current 




4 5 

Supply Voltage Vdd (V) 
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7-Segment Numeric Data Decoder Character Set 



Display 
Byte 
(HEX) 



Character 



Decoded Display RAM Data 



IViplexed 



Display RAM Address 
n+2 n+1 n 



Quadruplexed 



Display RAM Address 
n+1 n 



00 


a 


3 


5 


3 


D 


7 


01 


fl 








3 





6 


02 


a 


2 


7 


1 


E 


3 


03 


a 





7 


3 


A 


7 


04 


B 


1 


2 


3 


3 


6 


05 


a 


1 


7 


2 


B 


5 


06 


a 


3 


7 


2 


F 


5 


07 


8 





1 


3 





7 


08 


a 


3 


7 


3 


F 


7 


09 


a 


1 


7 


3 


B 


7 


OA 


8. 


3 


2 





2 


, 


OB 


a 


3 


7 





F 


1 


OQ 


a 


3 


5 





D 


1 


OD 


a 





6 





A 





Of 


3. 


2 


6 


2 


E 


4 • 


OF 


B. 
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S° 14-Segment Alphanumeric Data Decoder Character Set 



'^ Display Display RAM Display Display RAM Display Display RAM Display Display RAM 

ISyte Address Byte Address Byte Address Byte Address 

(HEX) Char, n+3 n+2 n+1 n (HEX) Char, n+3 n+2 n+1 n (HEX) Char, n+3 n+2 n+1 n (HEX) Char, n+3 n+2 n+1 n 



AO 







BO 



CO 







DO 



Invalid 



A2 



Invalid 



B2 



3 C 4 



C2 



D2 



A3 



Invalid 



83 



C3 



D3 



A4 



Invalid 



84 



C4 



D4 



1 1 



Invalid 



85 



2 5 A 4 



C5 



1 E 4 



D5 



6 E 



A6 



Invalid 



86 



2 5 E 4 



C6 



1 6 4 



D6 



6 2 



A7 







87 



7 C7 



5 E 4 



D7 



6 6 



A8 



A 



7 E 4 



C8 



2 6 6 4 



D8 







A9 1 


io ^ 











89 


i„ ' 


7 A 


4 


C9 


i„ 


8 


1 


8 


1 


D9 [ 


1. 


9 








2 


AA 1 


i. ' 








F 


BA 




Invalid 




CA 


i„ 





6 


C 





DA 


8. 


4 


1 


8 


2 



AB 



A 



BB 



Invalid 



CB 



2 6 A 



DB 



Invalid 



AC 



Invalid 



BC 



8 



CC 







DC 



1 



AD 


i„ ' 





4 


BD 


i„ 


2 


8 


4 


CD 


i. ' 


6 


6 


2 


DD 


i„ 


Invalid 


AE 




Invalid 




BE 


i„ 


1 


8 


8 


CE 


i. ' 


6 


6 


8 


DE 




Invalid 


A,: 


i. ' 





2 


BF 






Invalid 




CF 


w ° 


7 


E 





DF 




Invalid 



NEC 

NEC Electronics Inc. 



//PD7227 

CMOS, Intelligent, Dot-Matrix 

LCD Controller/Driver 



Description 

The [iPD7227 intelligent dot-matrix LCD controller/ 
driver is a peripheral device designed to interface 
most microprocessors with a wide variety of dot 
matrix LCDs. It can directly drive any multiplexed LCD 
organized as 8 rows by 40 columns, and is easily cas- 
caded up to 16 rows and 280 columns. The |l(PD7227 
is equipped with several hardware logic blocks, such 
as an 8-bit serial interface, ASCIIcharacter generator, 
40 X 16 static RAM with full read/write capability, and 
an LCD timing controller; all of which reduce micro- 
processor system software requirements. The 
jLiPD7227 Is manufactured with a single 5 V CMOS pro- 
cess, and is available In a space-saving 64-pin plastic 
flat package. 

Features 

D Single-chip LCD controller with direct LCD drive 
D Compatible with most microprocessors 
D Eight row drives 

— Designed for dot-matrix LCD configurations up 
to 280 dots 

— Designed for 5 x 7 dot-matrix character LCD con- 
figuration up to 8 characters 

— Cascadable to 16 row drives 
D 40 column drives 

— Cascadable to 280 column drives 

D Hardware logic blocks reduce system software 
requirements 

— 8-bit serial interface for communication 

— ASCII 5x7 dot-matrix character generator with 
64-character vocabulary 

— 40 X 16-bit static RAM for data storage, retrieval, 
and complete back-up memory capability. 

— Voltage controller generates LCD bias voltages 

— Timing controller synchronizes column drives 
with sequentially-multiplexed row drives 

D Single -h5 V power supply 



Pin Configuration 



Ordering Information 




Part Number Package Type 


Max Frequency 
of Operation 


//PD7227G-12 64-pin plastic QFP 


1000 kHz 





00000> OCJCJOOO 

nnnnnnnnnnnnn 




NCC 
C17C 
C18C 

C19II 
C20I: 
C21I: 
C22C 
C23C: 
C24C 
C25C 

C26C 
C27C 
C28I: 
C29C; 
C30C 
C31C 
C32II 
C33I: 
C34C 


( 64 63 62 61 60 59 58 57 56 55 54 53 52 N 

1 50 C4 

2 ^^ 50 D C3 

3 Ly 49 D C2 

4 48 D Ci 

5 47 D Co 

6 46 D R7/R15 

7 45 H R6/R14 

8 44 D R5/R13 

9 43 D R4/R12 

10 ^iPD7227 42 3 R3/R11 

11 41 DR2/R10 

12 40 D R1/R9 

13 39 D Ro/Rs 

14 38 3 Vlcdi 

15 37 H VlcD2 

16 36 D VlcD3 

17 35 D VlcD4 

18 34 H SYNC 

19 33 D CS 
^ 20 21 22 23 24 25 26 27 28 29 30 31 32 J 




uuuuuuuuuuuuu 

5 J 0^ 5 J III g ^ § i II 





Pin 


identification 




No. 


Symbol 


Function 


1 


NC 


No connection 


2-24, 

47-57, 

59-64 


C0-C39 


LCD column driver outputs 


25 


Vss 


Ground 


26, 58 


Vdd 


Power 


27 


CLOCK 


System clock Input 


28 


RESET 


Reset input 


29 


SI 


Serial input 


30 


C/D 
SO/BUSY 


Command or data select input 


31 


Serial output or busy output 


32 


SCK 


Serial clock input 


33 


CS 


Chip select input 


34 


SYNC 


Synchronization port 


35-38 


Vlcdi -Vlcd4 


LCD bias voltage supply inputs 


39-46 


R0/R8-R7/R15 


LCD row driver outputs 



50273 (NECEL-495) 
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SEC 



Pin Functions 

Co"C39 

LCD column driver outputs. 

R0/8-R7/15 

LCD row driver outputs. 

VLCDrVLCD4 

LCD bias voltage supply inputs to the LCD voltage 
controller. Apply appropriate voltages from a voltage 
ladder connected across VDD. 

SI 

Serial input from the microprocessor. 



SO/BUSY 

Serial output from the juPD7227 to the micro proce ssor 
when in read mode and C/D is low. When BUSY (ac- 
tive low), handshake output indicates the jl(PD7227 is 
ready to receive/send the next data byte. 

SCK 

Serial clock input. Synchronizes 8-bit serial data 
transfer between the microprocessor and ixPD7227. 



Biocic Diagram 



C/D 

Command/data select input. Distinguishes serially in- 
put data byte as a command or as display data. 

CS 

Chip select input. Enables the yPD7227 for com- 
munication with the microprocessor. 

SYNC 

Synchronization port. For multichip operation, tie all 
SYNC lines together and configure with the UODE 
SET command. 

CLOCK 

System clock input. Connect to external clock source. 

RESET 

Reset input. RC circuit or pulse initializes the )LtPD7227 
after power-up. 

Vdd 

Power supply positive. Apply single voltage 5 V± 10% 
for proper operation. 

Vss 

Ground. 





Ro-Rz 
OR 
R8-R1S Co-C39 
















Row Driver I Column Driver 








8 


- 


f-> 






SYNC-*—* 






)k 


40 X 16 

Static RAiVI 

(Organized as Two 

40 X 8 Bit Banks) 


X 




Timing 
Controller 


^) 


f .. 










<-V 










f'> 




/ 




Vdd ► 

Vlcdi *- 

VLCD2 •► 

VLCD3 ► 

VLCD4 ► 

Vss— •► 


Voltage 
Controller 














Data Pointer 




ASCII 

5 X 7 Dot Matrix 

Character 

Generator 












Command 
Decoder 






1 


tr 




^ 




r 


















RESET ► 










8 




Clock fc- 


Clock 
Oscillator 




interface 
Controller 




Serial 
Interface 










CS C/D 


sc 


I 1 1 

WBUSY SCK SI 
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Absolute Maximum Ratings 

Ta = 25°C 



Power supply, Vqd 


-0.3 V to +7.0 V 


All inputs and outputs with respect to Vqc 


-0.3VtoVDD +0.3 V 


Storage temperature, Tstg 


-65°Cto +150°C 


Operating temperature, Tqpt 


-10°Cto +70°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 

Ta = 25°C, Vdd = ov 



Limits 



Parameter 



Symbol IVlin IVIax Unit 



Test 
Conditions 



Input capacitance C| 



10 



PF 



Output capacitance Cq 



25 



pF 



Input/output 
capacitance 



C|0 



15 



pF 
SYNC 



f(j> = 1 MHz 

Unmeasured pins 
returned to 
ground. 



DC Characteristics 

Ta = -io°cto +70°c, Vdd = +5.ov ± io% 





1 


Limits 


Test 


Parameter 


Symbol Min 


TVP 


Max Unit Conditions 


Input voltage, high 


V|H 0.7 Vdd 


Vdd V 


Input voltage, low 


V|L 




0.3 Vdd V 


Input leakage 
current, high 


'lih 




+10 mAVih = Vdd 


Input leakage 
current, low 


Ilil 




-10 /iAViH = ov 



Output voltage, high Vqhi Vdd-0.5 



V SO/BUSY, 
Iqh = -400 jLtA 



VoH2 Vdd-0.5 



V SYNC, 
lOH = -100 mA 



Output voltage, low 



VoLl 



0.45 V SO/BUSY, 

Iql = +1 7 mA 







0.45 VSYNC, 

Iql = +100 ftA 


Output leakage 
current, high 


'loh 


+10 ^AVoH = Vdd 


Output leakage 
current, low 


Ilol 


-10 mAVql = ov 



LCD operating voltage Vlcd 3.0 



Vdd V 8-row 

multiplexed 
LCD drive 
configuration 



Vdd 



V 16-row 
multiplexed 
LCD drive 
configuration 



Row drive 
output impedance 


Rrow 


4 


8 kQ 


Column drive 
output impedance 


Rqolumn 


10 


15 kfi 


Supply current 


Idd 


200 


400 ptAfO = 400 KHz 
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AC Characteristics 

Ta = -10°Cto +70°C, Vdd = 


+ 5.0V ± 10% 






Symbol 




Limits 


Unit 


Test 


Parameter 


Min 


ilKax 


Conditions 


Clock frequency 


^ 


100 


1000 


KHz 




Clock pulse 
width high 


\^m 


400 




ns 




Clock pulse 
width low 


t<j.WL 


400 




ns 




SCK cycle 


tCYK 


0.9 




MS 




SCK pulse 
width high 


tKWH 


400 




ns 




SCK pulse 
width low 


tKWL 


400 




ns 




SCK hold time 
after BUSYt 


tKHB 







ns 




SI setup time 
to SCKt 


t|SK 


100 




ns 




SI hold time 
after SCKt 


t|HK 


250 




ns 




SO delay time 
after SCK^ 


^ODK 




320 


ns 


Cload = 

50 pF 


SO delay time 
after Cm 


tODD 




2 


ptS 




SCK hold time 
after C/Di 


^KHD 


2 




pts 




BUSY delay 
time after 8th 
SCKt 


tBDK 




3 


MS 


Cload = 

50 pF 


BUSY delay 
time after C/Dt 


^BDD 




2 


MS 




BUSY delay 
time after CSi 


tBDC 




2 


MS 




C/D setup time 
to 8th SCKt 


toSK 


2 




MS 




C/D hold time 
after 8th SCKt 


tpHK 


2 




MS 




CS hold time 
after 8th SCKt 


tCHK 


2 




MS 




CS pulse width 
high 


tcWH 


2/f<|> 




MS 




est delay time 
to BUSY floating 


tCDB 


2 




MS 


Cload = 

50 pF 


SYNC load 
capacitance 


Cloads 




100 


PF 




BUSY low 
level width 


tWLB 


18 


64 


1/f<l> 


Cload = 

50 pF 
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Timing Waveforms 

Clock Waveform 




Serial Interface 



"i 



M tBDc 



tODD 

— V 



(as SO) 



(as BUSY) 



X 



["5^ 



Vbusy, 



(SO) 
.(MSB) 



:::u 



X.::::::::: 



-tODK 



-tCYK- 



tKWL 



tKWH 



:x 



tDHK 
-^tDSK-* 



:x 



;_lstjt \2nd/ .__\i!!L7 



-tCHK-* 



}' V 



K 



(SO) 
(LSB). 



)l 



tBDD 



-tCWH- 



[BUSYjj^ X 



♦-tCDB-^ 



Vf-X 



tBDK 

m ►> 



Js^SC ')&''i 
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Command Summary 



Command 



Instruction Code 



Binary 



Description 



D5 



HEX 



Mode Set Initialize the /uPD7227, 

including selection of 

1 . LCD drive configuration 

2. Row driver port function 

3. RAM bank 

4. SYNC port function 



D2 



AND Mode Perform a logical AND be- 

tween the display byte in the 
serial register and the RAM 
contents addressed by data 
pointer; write result to same 
RAM location; modify data 
pointer 



Do 



18-1F 



Frame 

Frequency 

Set 


Set LCD frame frequency 











1 





D2 


Di 


Do 


10-14 


Load Data 
Pointer 


Load data pointer with 7 bits 
of immediate data 


1 


D6 


D5 


D4 


D3 


D2 


Di 


Do 


80-E7 


Write Mode 


Write display byte in serial 
register to RAM location ad- 
dressed by data pointer; 
modify data pointer 





1 


1 








1 


Di 


Do 


64-67 


Read Mode 


Load RAM contents address- 
ed by data pointer into serial 
register for output; modify 
data pointer 





1 


1 











Di 


Do 


60-63 



1 1 1 1 Di Do 



6C-6F 



OR Mode Perform a logical OR be- 

tween the display byte In the 
serial register and the RAM 
contents addressed by data 
pointer; write result to same 
RAM location; modify data 
pointer 



1 1 1 Di Do 



Character Mode 



Decode display byte in serial 
register into 5x7 character 
with character generator; 
write character to RAM loca- 
tion addressed by data 
pointer; increment data 
pointer by 5 



1 1 1 10 



72 



Set Bit 


Set single bit of RAM loca- 
tion addressed by data 
pointer; modify data pointer 





1 





D4 


D3 


D2 


Di 


Do 


40-5F 


Reset Bit 


Reset single bit of RAM loca- 
tion addressed by data 
pointer; modify data pointer 








1 


D4 


D3 


D2 


Di 


Do 


20-3F 


Enable Display 


Turn on the LCD 














1 








1 


09 


Disable Display 


Turn off the ICD 














1 











08 



Further details of operation can be found in the ptPD7227 intelligent dot-matrix LCD controller/driver technical manual. 
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5x, 


7 Character Set 


as Generated in 


l,PD7227 






























Display Byte 




Display Byte 
















1 


1 


K 












1 


1 










1 


1 












1 


1 















1 





1 







1 





1 




D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 










De 


D5 D4 


D3 


D2 


Di 


Do 














0000 


pi 


•II 


1:1 






10 


•..': 


III 


Mill 


mil 




0001 


ill 


III 


ll'oW 


iiiii 


10 1 


\i^;o 


III 


III 


III 


0010 


11° 




i°n- 




10 10 


III 


II 






*llo1 


i*]:^ 


0011 


mil 




'-Mi 




10 11 


'Wi 


H:H 


III 


' :*": 


0100 


HiH 


PI- 


jEf 


Wii 


110 


III 


III 


III 


Ffiii 


0101 


oooSo 


Will 


III 


III 


110 1 




III 


III 


II 


0110 


Hi 


III 


II 


III 


1110 


II 


SS^oS 


ISSot 


II 


0111 


Ie 


lli 


III 


III 


1111 


ill 


°°-°° 


III 


II 
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NEC Electronics Inc. 



PPD7228/28A 

CMOS, Intelligent, Dot-Matrix 

LCD Controller/Driver 



Description 

The ^PD72228/28A controller/driver is a peripheral 
CIVIOS device designed to interface most microproces- 
sors with a wide variety of dot-matrix LCDs. It can 
directly drive any multiplexed LCD organized as 8 rows 
by 50 columns or 16 rows by 42 columns. 

The iaPD7228/28A has a standby function to conserve 
power. It is equipped with an 8-bit serial interface, a 4-bit 
parallel Interface, character generators, a 50 x 16 static 
RAM with full read/write capability, and an LCD timing 
controller, all of which reduce microprocessor system 
software requirements. 

The ^PD7228/28A operates with a single +5-volt power 
supply and is available in a space-saving 80-pin plastic 
QFP package. 

Features 

n LCD direct drive 

n 8-or 16-line multiplexing drive possible with single- 
chip 

— 8-line multiplexing: 400 (50 x 8) dots 

— 16-line multiplexing: 672 (42 x 16) dots 

a 8-line or 16-line multiplexing drive with n chip 
configuration 

— 8-line multiplexing: n x 400 (n x 50 x 8) dots 

— 16-line multiplexing: n x 800 (n x 50 x 16) dots 

n RAM: 2 x 50 x 8 bits for display data storage 

n Programmer designated dot (graphics) display 

□ 5x7 dot-matrix display by on-chip character 
generator 

— ASCII (alphanumerics, others): 96 characters 

— JIS (Japan Industrial Standard), Katakana and 
others: 64 characters. 

D Cursor operating command 

n 8-blt serial interface compatible with iaPD7500, 

D 4-bit parallel Interface compatible with ^PD7500, 
iiiCOM-84/84C 

n Standby function 

n CMOS technology 

n Single +5-volt power supply 

D Extended -40 to + 85*^0 temperature range 
(iaPD7228A) 



Ordering Information 



Part No. 



Package 



jiiPD7228G-12 



80-pln plastic QFP 



jaPD7228AG-12 (Note 1) 80-pin plastic QFP 



Notes: 

(1) jttPD7228A version has extended temperature range and LCD 
voltage range. 



Pin Configuration 
80-Pin Plastic QFP 
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C3aE 

039 c 

C40i: 
C41I: 

C42/R15 c 
C43/R14 c 
C44/R13 c 
C45/R12 c 
C46/R11 c 
C47/R10 c 

C48/R9 q 

C49/R8 c 
R15/R7 c 
R14/R6 c 

R13/R5 1: 

R12/R4 c 
R11/R3 c 
R10/R2 c 
R9/R1 c 
Ra/RoC 
VlcsC 
vlciC 

NCE 
VLC4C 


^ 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 "^ 

I 64 

: o « 

4 61 

5 60 

6 59 

7 58 

8 57 

9 56 

10 55 

II 54 

12 53 

13 52 

14 51 

15 50 

16 49 

17 48 

18 47 

19 46 

20 45 

21 44 

22 43 

23 42 

24 41 
^ 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 ^ 


DC21 

DC20 

DC19 

1C18 

1C17 

DC16 

DC15 

DC14 

1013 

D012 

1011 

ICio 

109 

108 

107 

106 

105 

104 

103 

102 

POi 

poo 

PNO 
H CLOCK 




uuuuuuuuuuuuuuuu 
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Pin Identification 



Symbol 


Function 


C0-C41 


LCD column drive outputs 


C42-C49/R15-R8 


LCD column/row drive outputs 


Ris-Rs/RyRs 


LCD row drive outputs 


Vlci-Vlcs 


LCD power supply 


NC 


No connection 


Do/S, 


Data bus 0/Serial input 


Di(P/5) 


Data bus 1 (Parallel/serial select) 


D2(CAE) 


Data bus 2 (Chip address enable) 


D3/SO 


Data bus 3/Serial output 


SYNC 


Synchronization signal input/output 


BUS? 


Busy signal output 


Vdd 


Power supply 


Vss 


Ground 


$TB/SCK 


Strobe/Serial clock input 


C/D 


Command/data select input 


CAo, CAi 


Chip address select inputs 


C5 


Chip select input 


RESET 


Reset signal input 


CLOCK 


System clock input 



PIN FUNCTIONS 

D0-D3 (Data Bus) 

In parallel interface mode, D0-D3 are input/output pins 
for 4-bit parall el da ta. Data on these lines is re ad at the 
rising edge of STB. The 4 bits read on the first STB are 
loaded into the highest 4 bits of the s erial/parallel regis- 
ter. The 4 bits read on the second STB are loaded into the 
lowest 4 bits of the register. 

The contents of the serial/parallel regi ster are output to 
these pins on the falling edge of STB . As in the a bove 
case, the high-order 4 bits correspond to th e first STB, 
and the low-order 4 bits to the second STB. 

In serial interface mode, Dq Is a serial data Input pin and 
D3 is a serial data output pin. D^ selects serial or parallel 
Interface mode (P/S), and D2 is the chip address enable 
pin(CAE). 

SI Serial Data-in (Input Common to Do) 

In serial Interface mode, SI inputs serial data. Data on SI 
is load ed in to the serial/parallel register at the rising 
edge of SCK. The first data loaded is the most significant 
bit. To eliminate noise errors, SI uses the Schmitt-trigger 
input. 



SO Serial Data-Out (Output Common to D3) 

In serial Interface mode, SO is an output pin for serial 
data. The contents of the serial/parallel register are 
output to the SO pin, begi nning with the most significant 
bit, on the falling edge of SCK. 

P/S Paraiiei/Serial Select (Input Common to Di) 

This pin sets parallel interface mode if it is high at the 
falling edge of RESET (at reset release). If it is low at the 
falling edge of RESET, it selects serial interface mode. 
The Schmitt-trigger prevents noise errors. 

CAE Chip Address Enable (Input Common to D2) 

This pin js used only during serial interface mode; that is, 
when P/S is low at the falling edge of RESET. To enable 
chip addressing, the CAE line must be high at the falj[ng 
edge of RESET. In parallel interface mode (when P/S is 
high at the falling edge of RESET), the chip addressing 
function is enabled regardless of the logic state of CAE at 
the falling edge of RESET. The Schmitt-trigger Input 
prevents noise errors. 

CA0-CA1 (Chip Address) 

These input pins allow you to address the ii*PD7228/28A 
In a multichip configuration used for driving logic dis- 
plays. During parallel interface mode, CAq and CAi are 
compared to chip address data sent from the CPU 
regardless of CAE status during a reset. 

However, during serial interface mode, CAq and CAi are 
compared with chip address data from the CPU only 
when CAE enables chip addressing. 

In multichip configurations, the device is selected if CS 
= and CAq and CAi match the chip address generated 
by the CPU. This address is the low 2 bits of the first 8-bit 
data input after CS = 0. 

In serial interface mode, if chip address selection is not 
used, connect CAq and CAi to ground. 

CS (Chip Select) 

CS is an active-low chip select input pin. When you are 
not u sing the chip address selection function, the STB/ 
SCK and C/D inputs are enabled if a low input is sent to 
CS. 

When you are using the chip address select function, if 
CS is brought low and t he chip_address data matches 
CA0-CA1, then STB/SCK and C/D are enabled. 



When CS is made high, D0-D3 and BUSY are placed in a 
high-Impedance state. The Schmitt-trigger input pre- 
vents noise errors. 
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STB/SCK (Strobe/Serial Clock) 

In p aralle l Interface mode, this is the strobe signal input 
pin (STB) for 4-blt parallel input and output data , In se rial 
Interface mode, this is the serial clock input pin (SCK) for 
serial input and output data. 

C/D (Command/Data) 

This pin specifies whether the parallel or serial input is a 
command or data. Bring C/D high to input a command, 
and low to input data. 

In parallel interface mode, the content s of C/D are 
latched at the rising edge of the second STB. Perform 
any chan ges t o the C/D input before the falling edge of 
the first STB. When outputting data, hold C/D low, 
whether serial or parallel. 

In serial interface mode, the co ntents of C/D are latched 
at the rising edge of the eighth SCK. 

The Schmitt-t rigger input prevents noise errors. 



BUSY (Busy) 

This pin outputs a busy signal to the CPU to warn that 
the jitPD7228/28A is internally busy. When this signal is 
low, the CPU cannot read/write the /aPD7228/28A. 



In the parallel interface mo de, B USY is forced low at the 
rising edge of the second STB. In the serial interface 
mode, BUSY is forced low at the rising edge of the eighth 
SCK. 

Figure /. SYNC Signal in S-Une Multiplexing 



If a chip is deselected (CS = high or chip address data 
does not match), the BUSY pin is placed in the high- 
impedance state. 

SYNC (Synchronous) 

In a multichip configuration, the SYNC signal synchro- 
nizes the phases of the LCD drive ac signals (row/ 
column signal) among all the /iPD7228/28As within the 
frame period. It uses the row drive signal as a common 
signal. 

If one chip is designated master, its SYNC pin is in output 
mode and the remaining chips are made slaves. Their 
SYNC pins are put In input mode. The SMM command 
selects input or output mode. The master chip outputs a 
SYNC pulse in the last cycle of each frame. The slave 
chip reads the SYNC pulse from its own SYNC input for 
synchronization with the master chip. 

In a single-chip configuration, set the SYNC pin in the 
input or output mode. If you choose input mode, connect 
the SYNC pin to Vss; conversely, if you choose output 
mode, the SYNC pin must be open. 

Figures 1 and 2 show the output timing for the SYNC 
pulse in 8- and 16-line multiplexing. 




m 
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Figure 2. SYNC Signal inlB-Une Multiplexing 
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Co-C4t (Column) 

These pins output the column drive signals for the LCD. 

C42-C49/R15-R8 (Column/Row) 

These pins are column drive outputs (C42-C49, 50 x 8 
mode) or row drive outputs (R15-R8. 42 x 16 mode), 
according to the SMM command. 

R15-R8/R7-R0 (Row) 

These pins are row drive outputs for rows R15-R8 or 
R7-R0, according to the SMM command. 

Vlci"Vlc5 (LCD Drive Voltage Supply) 

These are reference voltage input pins for determining 
the voltage level of the LCD column/row drive signals. 

CLOCK (Clock) 

This is the external clock input pin. 



RESET (Reset) 

This is the active-high reset signal input pin. It has 
priority over all operations. You can also use it to release 
standby mode and begin low power data retention. 

Vdd (Power Supply) 

This is a positive power supply pin. 

Vss (Ground) 

This is ground (GND). 

COMMANDS FOR /iPD7228/28A 

The iLtPD7228/28A has 16 types of commands, each 
command consisting of one byte (8 bits). 

Figure 3 shows the character codes and display pat- 
terns. 
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Figure 3, 


Character Codes and Display Patterns 
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Notes: 

(1) The character generator transfers 7-bit dot patterns five times to the five 
contiguous addresses of data memory. 

(2) ASCII Characters. 96 (20H-7FH) 

Uppercase 26 
Lowercase 26 
Numbers 10 
Symbols 34 

3) JIS Characters. 64 (AOH-DFH) 

Katakana 55 
Symbols 9 

4) Because the character generator does not use bit 7 of data memory, dot R7 
in 8 time-division mode and dots R7 and R15 in 16 time-division mode, 
corresponding to the most significant bits, can be used as cursor 
independent of the character generator. Use the cursor manipulation 
commands WRCURS and CLCURS. 
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Block Diagram 



R-S- 
R-NS- 



Vdd 
Vlci C 

VlC2 C 
VLC3C 
VLC4C 
VLC5C 

vssc 

Sync C 



X 



R15-R8/R7-R0 



C42-C49/R15-R8 



^ £L 



Row /Column 
Driver 



C0-C41 



f^ 5 -- ><-> <f 



zs 



-CS 
-CNS 



LCD 
Voltage 
Control 



►RS 
►RNS 
►C-S 
►CNS 



LCD Timing 
Control 



Clock 
Buffer 



System 
Clock 
Control 



Data Memory 

BankO 
(50 X 8 Bits) 



Data Memory 

Bank1 
(50 X 8 Bits) 



Command 
Decoder 



^ 



A: 



Data 
Pointer 



Character 

Generator 

(160 X 5 X 7 Bits) 



4> 



x> 



Serial /Parallel Interface 



1 1111111111 



Absolute Maximum Ratings 

Ta = 25°C 



Supply voltage, Vdd 


-0.3 V to +7 V 


Input voltage, V| 


-0.3 V to Vdd +0.3 V 


Output voltage, Vq 


-0.3 V to Vdd +0.3 V 


LCD operating voltage, Vlcd (7228A) 


12.5 V 


Operating temperature, Tqpt 


7228 


-10 to +70°G 


7228A 


-40 to +85°G 


Storage temperature, Tstg 


-65 to +85°G 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 



Capacitance 

Ta = 25°C; Vdd = 



OV;f = 1 MHz 



Parameter 



Symbol Min Typ Max Unit Conditions 



Input capacitance 



Output 
capacitance 



Co 



I/O capacitance C|o 



10 pF 



25 pF 



Return 
unmeasured 
pins to V. 



15 pF 
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DC Characteristics 

Ta ^ -10 to +70°C Vdd = +5 V ±10% (jaPD7228); T^ = -40 to +85°C; Vpo - +5 V ±10% (|uPD7228A) 



/APD7228 



jttPD7228A 



Parameter 



Symbol 



Min 



Typ Max 



Min Typ Max Unit Conditions 



Input voltage, high 



V|H1 



0.7 Vdd 



Vdd 



0.7 Vdd 



Vdd 



V Except SUK 



V|H2 



0.8 Vdd 



Vdd 



0.8 Vdd 



Vdd 



^UK 



Input voltage, low 



VlL 



0.3 Vdd 



0.3 Vdd V 



Output voltage, high 



Vqhi 



Vdd - 0.5 



Vdd - 0.5 



V BUSY, D0-D3; loH = -400 ixA 



V0H2 



Vdd -0.5 



Vdd -0.5 



V SYNC; loH = -100 fiA 



Output voltage, low 



V0LI 



0.45 



0.5 



V BUSY, D0-D3. loL = 1.7 mA 



V0L2 



0.45 



0.5 V SYNC; Iql = 100 jiiA 



Input leakage current, high 



'lih 



10 



10 



M V, = Vdd 



Input leakage current, low 



Ilil 



-10 



-10 



laA V| = V 



Output leakage current, high Ilqh 



10 



10 



juA Vq = Vdd 



Output leakage current, low Ilql 



-10 



-10 



juA V| = OV 



LCD operating voltage 



Vlcd 



3.0 



Vdd 



Vdd 



12.5 



Row output impedance 



Rrow 



16 



kfl 



Row/column output Impedance Rrow/COL 



10 



7.5 



20 



k» 



Column output Impedance 



RcOL 



10 



15 



15 



30 



kQ 



Supply current 



Iddi 



200 400 



250 600 jttA Operating mode; fc = 400 kHz 



'dD2 



20 



25 



juA Stop mode; CLK = V 



AC Characteristics 

Ta = -10 to +70°C; Vdd = +5 V ±10% (ittPD7228); Ta = -40 to +85°C; Vdd = +5 V ±10% (|aPD7228A) 



jttPD7228 



^PD7228A 



Parameter 



Symboi 



Min Typ Max 



Min 



Typ 



Max 



Unit 



Common Operation 



Conditions 



U 



Clock frequency 



fc 



100 



1100 



100 



Clock pulse width, high 



1100 



kHz 



%HC 



350 



350 



Clock pulse width, low 



*WLC 



350 



350 



RESET pulse width, high 



*HRS 



BUSY delay time from U5 i tDCSB 



JUS 



CS t delay time to BUSY floating tDcSBF 



]US 



Cl = 50 pF 



JUS 



Cl = 50 pF 



CS high-level time 



twHCS 



JUS 



SYNC load capacitance 



Clsy 



100 



100 



pF 



umiix »eiu(j lime lu nc:oc: i 4' 



Data hold time from RESET i 



^HRD 



^s 



Serial Interface Operation 



SCK cycle 



tCYK 



0.9 



0.9 



JUS 



SCK pulse width, high 



twHK 



400 



400 



SCK pulse width, low 



%LK 



400 



400 



SCK hold time from BUSY T 



SI setup time to ICK t 



*SIK 



100 



120 
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AC Characteristics (cont) 




Symbol 




|uPD7228 






ittPD7228A 


Unit 




Parameter 


Min 


Typ 


Max 


Min 


Typ Max 


Conditions 


SI hold time from SCKT 


*HK1 


250 






270 




ns 





SO delay time fromSCKi 



bwo 



320 



BUSY delay time from eighth 



*DKB 



350 



ius 



Cl = 50 pF 



BUSY low-level time 


tWLB 


18 


64 


18 


64 


1/fc 




C/D setup time to first SCK 4- 


*SDK 












]US 




C/D hold time from eighth SCK T 


*HKD 


2 




3 




]ttS 




CS hold time from eighth SCK T 


^HKCS 


2 




5 




flS 




Parallel Interface Operation 


Input command setup time to 
STBi 


tA 


100 




120 




ns 


Cl = 80 pF 


Input command hold time from 
WTBi 


tB 


90 




110 




ns 


Cl = 20 pF 


Input data setup time to STB t 


tc 


230 




250 




ns 


Cl = 80 pF 


Input data hold time from STB t 


to 


50 




70 




ns 


Cl = 20pF 


Output data delay time 


tACC 


90 


650 


90 


750 


ns 


Cl = 80 pF 


Output data hold time 


tH 





150 





150 


ns 


Cl = 20pF 


STB pulse width low 


tSL 


700 




700 




ns 




STB high-level time 


tSH 


1 




1 




jas 




STB hold time from BUSY T 


^HBS 












flS 




BUSY delay time from second 
§TBt 


^DSB 




3 




4 


jUS 




C/D setup time to first STB i 


*SDS 












jUS 




C/D hold time from second STB t 


*HSD 


2 




3 




fXS 




US hold time from second STB t 


tHSCS 


2 




3 




jUS 
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Timing Waveforms 
AC Timing Test Points 



Reset Signal 



X0.7Vdd.k^ Test ^;^-^0.7Vdd 
0.3 ypp-*--^ Points ^'^*^ 0.3 VdD; 



V — 

A 



Clock Waveform 



U tHRS *\ 




interface 



Seriai interface 



tSDR 



It; 



^ f y 




t 



toCSB 



X 



^ tHKCS- 



►! ♦tWHCS* 



o 




^Vdd-0.5V 
r 0.45 V 



k-tSIKH -•— H [-« H — tWLK 



—A *— tDKO 
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Parallel Interface 



■^ 



J-, 



X 



"*— tSDS 



o 







1— — H ♦twHCS* 




K 



-^ 



-tDCSBF 




^ tDSB-4« H — *WLB 



Command Summary 



Mnemonic Operation 



Instruction Code 



Fiex Code 



SFF 



Set frame frequency 



Fo 



10H-14H 



SMM 



Set multiplexing mode 



M2 



Mo 



18H-1FH 



DISPOFF Display off 



08H 



DISP ON 



Display on 



09H 



LDPI 


Load data pointer with immediate 


1 


De 


D5 


D4 


D3 


D2 


Di 


Do 


80H-B1H,C0H-F1H 


SRM 


Set read mode 


















I1 


lo 


60H-63H 


SWM 


Set write mode 















1 


ll 


lo 


64H-67H 


SORM 


Set OR mode 












1 





I1 


lo 


68H-6BH 


SANDM 


Set AND mode 












1 


1 


ll 


lo 


6CH-6FH 


SGML 


Set character mode with left entry 









1 











1 


71 H 


SCMR 


Set character mode with right entry 









1 








1 





72H 


BRESET 


Bit reset 










B2 


Bi 


Bo 


Jl 


Jo 


20H-3FH 


BSET 


Bit set 









B2 


Bi 


Bo 


Jl 


Jo 


40H-5FH 


CLCURS 


Clear cursor 









1 


1 


1 








7CH 


WRCURS 


Write cursor 









1 


1 


1 





1 


7DH 



STOP 



Set stop mode 



01 H 



B2-B0 Specifies a data memory bit 
Dg-Do Immediate data 

F2-F0 Specifies frame frequency as a submultiple of clock 
frequency 

I1-I0 Specifies modification of data pointer contents after 

byte data is processed 

J1-J0 Specifies modification of data pointer contents after 
bit is set or reset 

M2-M0 Specifies data memory bank, number of rows, functions 
of row/column drivers, and SYNC pin mode 
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Development Tools 




4-Bii; fiPDTSOO Series 


EVAKIT-7500B 

For the )wPD7500 Series 


9-3 


ASM75 

Absolute Assembler for the/iPD7500 Series 


9-7 


4-a/f; juPDTSOOO Series 


RA75X 

Relocatable Assembler Package for the 
/iPD75000 Series 


9-9 


ST75X 

Structured Assembler Preprocessor for the 
/iPD75000 Series 


9-15 


8'Bit; /iPD7800 Series 


DDK-78C10 

Evaluation Board for the //PD78CXX Series 


9-19 


IE-78C11 

In-Circult Emulator 


9-23 


CC87 

Micro-Series™ C Compiler Package for the 
/iPD7800 Series 


9-27 


RA87 

Relocatable Assembler Package for the 
/iPD7800 Series 


9-29 


8'Bit;/iPD78K2 Series 


DK-78K2 

/iPD782XX Designer Kits 


9-33 


EK-78K2 

/iPD782XX Evaluation Kits 


9-35 


IK-78K2 

/iPD782XX In-Circuit Emulator Kits 


9-37 


DDB.78K2 

Evaluation Boards for the /iPD782XX Series 


9-39 


EB-78210 

Evaluation Board for the ^PD78213 


9-43 


EB-78220 

Evaluation Board for the jl/PD78220 
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8-Bit; fiPD78K2 Series (cont) 


IE-78210 

In-Circuit Emulator 


9-51 


IE-78220 

In-Circult Emulator 


9-55 


CC782XX 

C Compiler Package for the /iPD782XX 
Series 


9-59 


RA78K2 

Relocatable Assembler Package for the 
/iPD782XX Series 


9-63 


ST78K2 

Structured Assembler Preprocessor for the 
/iPD782XX Series 


9-67 


8/18-Bit; iiiPD78K3 Series 


DDK-78310A 

Evaluation Board for the /iPD78310A 


9-71 


EB-78320 

Evaluation Board for the /iPD78320 


9-75 


IE-78310A 

In-Circuit Emulator 


9-79 


IE-78320 

In-Circuit Emulator 


9-83 


CC7831X 

C Compiler Package for the /iPD7831X/ 
/iPD7831XA Series 


9-89 


CC7832X 

C Compiler Package for the /iPD7832X 
Series 


9-93 


RA78K3 

Relocatable Assembler Package for the 
iL/PD7831X/7832X 


9-97 


ST78K3 

Structured Assembler Preprocessor for the 
/iPD783XX Series 


9-101 


PG-1500 Series 

EPROM Programmer 


9-105 
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EVAKIT-7500B 
for the fiPD7500 Series 



Description 

The EVAKIT-7500B is a stand-alone EVAKIT for NEC's 
/iiPD7500 series of four-bit, single-chip microcomputers. 
The EVAKIT-7500B provides complete hardware emula- 
tion and software debug capabilities for the fiPDlSOl 
and /[aPD7508 microcomputers. With the addition of 
device specific add-on boards, the EVAKIT-7500B is 
easily tailored to support the remaining members of the 
family. 

Real-time and single-step emulation capability, together 
with a powerful on-board system monitor and real-time 
trace capability, create a powerful debug environment. 
The EVAKIT-7500B is controlled either from an on-board 
keypad or over a serial line from a terminal or host 
computer. User programs are downloaded through a 
serial line or read from a PROM. Existing programs can 
be modified or small programs can be created using the 
on-board hexadecimal keypad. 

A host controller program for an IBM PC® series or 
compatible computer is provided with each EVAKIT- 
7500B. This program provides the following additional 
capabilities: complete EVAKIT-7500B control from the 
host console, program upload/download, line assembly, 
host system directory display and symbolic debugging. 



IBM PC is a registered trademark of International Business Machines 
Corporation. 

EVAKIT-7500B 




Features 

a Real-time and single-step emulation capability 
D 8K bytes of user program memory 

° Powerful system monitor 

— Display/modify/move program memory 

— Display/modify data memory 

— Load/verify/display PROM 

— Examine/modify internal registers 

— Full disassembler 

° User-specified breakpoint conditions 

— Program counter and number of passes 

— Stack pointer 

— Data address and value 

° Real-time trace capability 

— 2048 instruction cycle trace 

— External trace probes 

° Supports three operating modes 

— On-board hexadecimal keypad controlled 

— External terminal controlled 

— Host computer system controlled 

° Serial interface: RS-232C or TTL 

D EPROM programming capability (2764 and 27128) 

a Host Control Software for IBM PC Series or 
compatible 
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EVAKIT-7500B ADD-ON BOARDS 

EV7508H 



EV7528 




The EV7508H is an add-on board for the EVAKIT-7500B 
which is required for emulating the iLtPD7507H and the 
jiiPD7508H microcomputers. This board plugs directly 
into the )nPD7500 socket on the EVAKIT-7500B, allowing 
the system to support these high speed versions of the 
jnPD7500 series. 

EV7514 




The EV7514 is an add-on board for the EVAKIT-7500B 
required for emulating the /iPD7502 and /xPD7503 micro- 
computers. This board is mounted under the EVAKIT- 
7500B, adding LCD controller/driver capability to the 
EVAKIT 




The EV7528 is an add-on board for the EVAKIT-7500B 
required for emulating the /[aPD7527A, ptPD7528A, 
i[APD7537A, and iaPD7538A microcomputers. This board 
is mounted under the EVAKIT-7500B, allowing the 
EVAKIT to support the additional features of these parts: 
I/O ports with high dielectric strength, optional pull- 
down resistors, and zero voltage detection circuits. 

EV7533 

The EV7533 is an add-on board for the EVAKIT-7500B 
required for emulating th6 fiPD7533 microcomputer. This 
board plugs directly into the iaPD7500 socket, allowing 
the EVAKIT to emulate the iaPD7533's four analog inputs 
and Its 8-bit A/D converter. 

EV7554A 

The EV7554A is an add-on board for the EVAKIT-7500B 
required for emulating the /aPD7554/54A, ;iPD7556/56A, 
/[aPD7564/64A, and ^PD7566/66A microcomputers. This 
board mounts on top of EVAKIT-7500B, allowing the 
EVAKIT to emulatethe additional features of these parts: 
optional pull-up/pull-dpwn resistors for ports 0, 1, 10, 
and 11; comparator/CMOS inputs for port 1; high 
current/CMOS outputs for ports 8, 9, 10, and 11. 
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i[iPD7500 SERIES SYSTEM 
EVALUATION BOARDS 

SE-7514A 

The SE-7514A is the system evaluation board for the 
/iPD7500 series microcomputers with LCD direct drive 
capabilities: /nPD7502 and ^PD7503. The SE-7514A is 
functionally equivalent to the ROM-based microcomput- 
ers. With the user's program housed in either an on- 
board iiPD27e4 or /aPD27128, you can connect the 
SE-7514A to your prototype and evaluate total system 
performance. 

SE-7554A 

The SE-7554A is the system evaluation board for the 
)aPD7500 series mini/microcomputers: jtiPD7554/54A, 
i[iPD7556/56A, /[iPD7564/64A, and aPD7566/66A. The SE- 
7554A is functionally equivalent to the ROM-based mini- 
microcomputer It can be set up to emulate any of the 
available mask options. With your program residing in 
the lower 4K bytes of an on-board ptPD2754, you can 
connect the SE-7554A to your prototype and evaluate 
total system performance. 
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ASM75 
Absolute Assembler 
NEC Electronics Inc. for the pPD7500 Series 



Description Ordering Information 



The MPD7500 series absolute assembler (ASM76) con- Part Number Sytem Description 

verts symbolic source code for the entire ^PD7500 series asm75-D52 ms-dos 5-1/4" double-density floppy diskette 
microcomputer family into executable absolute address 
object code. The assembler verifies that each instruction 
assembled is valid for the target microcomputer speci- 
fied at assembly time. An object code file is produced in 
ASCII hexadecimal format and may be down loaded to a 
PROM programmer or hardware debugger. 

Features 

o Absolute address object code output 

n Macro definition capability 

o Generic jump with optimization capability 

n Conditional assembly options 
— Up to eight levels of nesting 

o User-selectable and directable output files 

D Runs under the MS-DOS® operating system 



MS-DOS Is a registered trademark of Microsoft Corporation. 
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RA75X 

Relocatable Assembler Package 

for the JIIPD75000 Series 



Description 

The RA75X relocatable assembler package converts 
symbolic source code for the /[iPD75000 series of micro- 
computers into executable absolute address object 
code. The package consists of six separate programs: 
assembler (RA75X), linker (LK75X), hexadecimal format 
object converter (OC75X), librarian (LB75X), list con- 
verter (LCNV75X), and macroprocessor (MP). 

RA75X translates a symbolic source module into a relo- 
catable object module. The assembler verifies that each 
instruction assembled is valid for the target microcom- 
puter specified at assembly time. 

LK75X combines relocatable object modules and abso- 
lute load modules and converts them into an absolute 
load module. OC75X converts an absolute object mod- 
ule or an absolute load module to an ASCII hexadecimal 
format object file. LB75X allows commonly used relocat- 
able object modules to be stored in one file and linked 
into multiple programs, greatly increasing programming 
efficiency When a library file is included as input to the 
linker, the linker extracts only those modules required to 
resolve external references from the library file and 
relocates and links them into the absolute load module. 

LCNV75X allows relocatable list files to be converted 
into absolute list files. MP expands macros contained in 
a source program prior to assembling. 

Features 

D Absolute address object code output 

n Generic branch capability and optimization 

a User-selectable and directable output files 

n Extensive error reporting 

n Macro capabilities 

n Runs under MS-DOS® and VAX®/VMS® operating 
systems 

Ordering Information 



Part Number System 



Description 



RA75X-D52 MS-DOS 5-1/4" double-density floppy diskette 

RA75X-WT1 VAX/ VMS 9-track 1600 BPI magnetic tape 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment 

Corporation. 

IBM PC, PC/XT, and PC/AT are registered trademarks of International 

Business Machines Corporation. 



Program Syntax 

An RA75X source module consists of a series of code 
and data segments. Eacli segment consists of state- 
ments composed of up to four fields: symbol, mnemonic, 
operand, and comment. 

The symbol field may contain a label, whose value is the 
instruction or data address, or a name, which represents 
an instruction address, data address, or a constant. The 
mnemonic field may contain an instruction or an assem- 
bler directive. The operand field contains the data or 
expression for the specified instruction or directive. The 
comment field allows explanatory comments to be 
added to a program. 

Character constants are translated into seven-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators + , - *, /, NOT, AND, OR, XOR, 
EG or =, NEor < >, GTor >,GEor > =, LTor <, LE 
or < =, SHR, SHL, MOD, .(bit position), the + sign, and 
the -sign. 

Assembler Directives 

Assembler directives give instructions to the assembler. 
They are not translated into machine code during assem- 
bly Basic assembler directives include: storage defini- 
tion (DB, DW. DS, STKLN), symbol definition (EQU, SET), 
and program boundary definition (ORG, END). Program 
linkage directives are provided to NAME the module and 
to declare symbols as PUBLIC or external (EXTRN). 

Segment definition directives define whether a segment 
is a code segment (CSEG) allocated to ROM, or a data 
segment (DSEG) allocated to RAM. The relocation at- 
tributes for each segment directive are specified in its 
operand. These attributes, which specify how the vari- 
ous segments are to be linked, include INBLOCK, 
XBLOCK, SENT, lENT, PAGE, and AT 

I ne vtiN I n airective aerines me status or tne memory 
bank enable flag (MBE), the register bank enable flag 
(RBE), and the code entry address for the interrupt 
vectors. The TCALL7TBR directives create a table that 
allows the CALL and BR instructions to function for the 
GETI Instruction. 
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The fiPDlSOOO series instruction set contains three 
branch instructions with varying legal address ranges. 
To avoid calculating which branch instruction to use, 
you can substitute the BR (Branch) directive for any BR 
$addr (one-byte branch), BRCB Icaddr (two-byte 
branch), or BR iaddr (three-byte branch) Instruction In 
your source program. During assembly, a suitable 
branch instruction Is chosen for each BR directive. 

Assembler Controls 

The RA75X assembler controls can be specified in a 
variety of ways. Depending upon the particular control, 
the controls can be specified directly in the assembler 
command line, in a parameter file invoked in the com- 
mand line, at the beginning of the source module, or 
anywhere in the source program. The RA75X assembler 
controls Include the following: 

• Target microcomputer specification 

• Output file selection and destination 

• Listing format controls 

• Date specif icatlon 

• Generation/suppression of listing 

• Title specification 

• Inclusion of other source files 
(In source program only) 

• Page eject (In source program only) 

The listing file contains the complete assembly listing or 
only lines with errors, and a symbol table or cross 
reference table. The symbol table shows all defined 
symbols In alphabetical order, their types, attributes, 
and the values initially assigned to them. The cross- 
reference table contains all defined symbols and the 
numbers of all statements that refer to them. 

The object file contains the relocatable object module. It 
is in a NEC proprietary relocatable object module format. 
The object file may also contain local symbol informa- 
tion for the symbolic debugger. Figure 1 is the relocatable 
assembler functional diagram. 



F^ure I. RA7SX Assembler Functional Diagram 
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Linker 

The linl<er combines several relocatable object modules 
or absolute load modules, resolving PUBLIC/EXTRN 
references between modules, to create an absolute load 
module. This load module contains both absolute object 
code and symbol information. The linker can search 
library files for required modules to resolve external 
references. 

The linker controls for LK75X can be specified in either 
the command line or a parameter file. The programmer 
can specify the date, the module name, the stack size 
and starting address, an inhibited area in ROM space, 
the starting address and order for relocatable code 
segments, and whether segments are linked sequentially 
as input or randomly in the most effective manner. The 
programmer can also specify that a list file containing a 
link map, a local symbol table, or a public symbol table 
be created. Figure 2 Is the linker functional diagram. 
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Figure 2, LKTSX Unker Functional Dli^ram 
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Figured. 0C7SX Hexadecimal Format Ob/ect Code 
-— Converter Functional Dlaffl-am 



Hexadecimal Format Object Converter 

The OC75X object converter outputs the object code file 
in ASCII hexadecimal format, which can be downloaded 
to a PROM programmer or hardware debugger. The 
object converter controls for OC75X can be specified in 
the command line or a parameter file. The programmer 
can specify whether or not to generate a symbol file for 
a hardware debugger and whether the addresses of the 
hex code should be sorted in numerical order or left as 
ordered in the source program. Figure 3 is the functional 
diagram of the hexadecimal format object code con- 
verter. 

Librarian 

The LB75X librarian creates and maintains library files 
containing relocatable object modules. This reduces the 
number of files to be linked together by allowing several 
modules to be kept in a single file, and provides an easy 
wav to link freauentiv used modules into programs. 
Modules can be added to or deleted from a library file, or 
the contents of the library file can be listed. 
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Absolute addresses with no external references 



List Converter 

Normally, listing files produced by a relocatable assem- 
bler do not show the final absolute address for instruc- 
tions, because their location is not decided until link 
time. The address shown in the listing is only the offset 
from the start of the code or data segment. 

The LCNV75X list converter uses the assembly list and 
object module files from the assembler and the linkers 
load module file to create an absolute address assembly 
listing. This absolute listing shows the addresses of 
instructions as their final absolute address in memory. It 
is useful for debugging and documentating the assem- 
bled program. The programmer can specify the load 
module (~L), assembly list (-A), and output assembly 
(-0) file names. Figure 4 is the functional diagram of the 
list converter. 
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F^ure4, LCN7SX Ust Converter Functional 
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Macroprocessor 

The macroprocessor interprets the macros described in 
a source program and expands them to create another 
source program. This can be input to the assembler. It 
has the following three main functions: 

• Expands macros by defining and referencing them 

• Reads and expands include files 

• Selects assembler source based on a conditional 
macro instruction 

Figure 5 is the functional diagram of the macroprocessor. 



Figures, MP Macroprocessor Funeilonal Diagram 
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Operating Environnfient 

The RA75X package can run under a variety of operating 
systems. A version is available for an MS-DOS system 
with one or more disk drives and at least 128K of system 
memory. Another version is available to run on a Digital 
Equipment Corporation VAX Computer system under a 
VMS (Version 4.1 or later) operating system. 

Emulator Controller Program 

Absolute hex-format object module files produced by 
the RA75X relocatable assembler package can be de- 
bugged using an NEC EVAKiT-75X stand-alone emulator. 
The EVAKIT-75X controller program EC75X, allows the 
programmer to communicate with the emulator through 
an RS-232C serial line. EC75X is available to run on the 
IBM PC®, PC/XT®, and PC/AT® under MS-DOS, and is 
included with the MS-DOS version of the RA75X package 
at no extra charge. 
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The EC75X controller program provides the following 
features: 

• Uploading/downloading of hexadecimal object files 
and symbol table 

• Symbolic debugging 

• Complete emulator control from host console 

• On-line help facilities 

• Macro command file capabilities 

• Host system directory display 

• Disk storage of debug session 

License Agreement 

RA75X is sold under terms of a license agreement, which 
is included with the assembler. The accompanying card 
must be completed and returned to NEC Electronics Inc. 
to register the license. Software updates are provided 
free to registered users. 



Documentation 

For more information on source program formats, as- 
sembler operation, and actual program examples NEC 
Electronics Inc. provides the following documentation: 

• RA75X iaPD75000 Series Relocatable Assembler 
Package, Language Manual (MS-DOS) 

• RA75X /ttPD75000 Series Relocatable Assembler 
Package, Operation Manual (VMS) 

• MP Macroprocessor, User's Manual 

This documentation is provided with purchased copies 
of the package. Additional copies may be obtained from 
NEC Electronics Inc. 
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ST75X 

Structured Assembler Preprocessor 

for the pPD75000 Series 



Description 

The ST75X structured assembler preprocessor is a com- 
panion program to tlie RA75X relocatable assembler for 
the NEC MPD75000 series of microcomputers. ST75X 
converts a source code file containing structured assem- 
bly statements Into a pure assembly language source file, 
which can then be assembled with RA75X. 

ST75X converts a stoictured assembly statement into 
one or more /xPD75000 assembly language Instructions 
that perform the desired operation. Since ST75X con- 
verts only structured statements and does not convert 
/tiPD75000 assembly language instructions, a structured 
source program can Include a combination of ^PD75000 
structured statements and assembly language. 

ST75X enables the assembly language programmer to 
use some of the structures and syntax of higher-level 
languages, such as the language. This Improves pro- 
gram readability and reliability, and increases program- 
mer productivity 

Features 

a Control structures for conditions, looping, and 
switch-case 

^ Preprocessor directives for conditional code 
generation 

n C-like representation of comparison operations 

a C-lil<e representation of assignment/arithmetic 
operations 

° Increment and decrement operators 

a Uses all fiPD75000 mnemonics, registers, and 
features 

n Runs under MS-DOS® and VAX®/VMS® operating 
systems 

Ordering Information 

The ST75X structured assembler preprocessor is 
provided in the following software paci<age at no cost: 

RA75X Relocatable Assembler Package for /liPD75000 
Series Microcomputers. 



MS-DOS is a registered trademark of Microsoft Corporation 
VAX and VMS are registered trademarlcs of Digitai Equipment 
Corporation. 
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A Summary of Structured Language 

A line of source code for the ST75X contains eitfier a 
structured assembly statement or a mPD75000 assembly 
language statement. ^PD75000 assembly language 
statements (inPD75000 instructions, RA75X directives, 
or RA75X controls) pass through ST75X without change. 

Structured assembly statements consist of preprocessor 
directives, assignment statements, and control state- 
ments. These statements are entered one per line, and 
are terminated at the end of a line. An optional comment 
may follow a semicolon at the end of the statement; all 
text following a semicolon is ignored by ST75X. 

Preprocessor directives cause ST75X to include or omit 
portions of code. Assignment statements generate one 
or more iDiPD75000 assembly language instructions to 
alter the contents of a register or variable. Control 
statements aenerate the necessary instructions to test 
conditions and change control flow based on those 
conditions. 

Preprocessor Directives 

ST75X preprocessor directives set and test variables, 
allowing conditional processing of code; include exter- 
nal files; and map instructions to /iiPD75000 GETI table 
reference instructions. Table 1 lists the preprocessor 
directives and their functions. 
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Tab le I, Preprocessor Directives end Functions Table z. Assignment Operators with Examples 

ZT—TZ rmrr and Functions 



Directive 


Function 


#define NAME value 


Defines the variable NAME, set to the 




supplied value. 


#lfdefABC 


If ABC Is defined as above, or on the 


< statements > 


command line with the -D option, the 


#else 


first set of statements is processed 


< statements > 


and the second set is Ignored; if ABC 


#endlf 


was not defined, or defined as zero, 




the first set of statements is ignored 




and the second set is processed. 


#inclucle "filename" 


The named file is read from 6\sk and 




processed as If included in the source. 


#clefgeti getiname 


The listed Instructions are assigned 


< Instructions > 


to getiname. When those Instructions 


#enclgeti 


are found in the source, they are 




replaced by a "GETI getiname" 




instruction. 



Assignment, Increment, and Decrement 
Statements 

ST75X provides the ability to represent an assignment, or 
an assignment v\^ith an arithmetic operation, in the C 
language syntax: 

destination < assign-op > source 

The assignment operators allow either simple assign- 
ment, or the combination of an assignment with an 
arithmetic operation on the source and destination. 

Examples: 
A = B ; Move contents of B register to A 

A + - @HL ; Add contents of memory at HL to A, 
; store In A 

Where an assignment requires an intermediate register 
to hold the value being assigned, the register is desig- 
nated by naming it in parentheses following the assign- 
ment operation. 

Examples: 
DATA1 = B (A) ; Store contents of B Into memory at 
; DATA1, using A as temporary 
; storage 

BC & = HL (XA) ; AND BC with HL, store in BC, use 
; XA as temp 

The increment and decrement operators (+ + and ~ -) 
operate on a single operand. 

Table 2 lists the assignment operators with examples 
and functions. 



Operator 


Example 


F'unction 


S8 


A« B 


A*-B 


<-> 


A<-> B 


Contents of A and B are exchanged 


+ = ■ 


A+« B 


A*-A + B 


-« 


A-« B 


A-A-B 


&- 


A&« B 


A <H. A & B (logical AND) 


i» 


A\^ B 


A*~AIB (logical OR) 


A 


A"= B 


A*-A"B(loglcaiXOR) 


+ + 


A+ + 


A-H-A+l 


-- 


A-- 


A-A-1 



Control Statements 

Control statements allow conditions to be tested. Based 
on the results of the test, blocks of code can be executed 
or skipped. Reserved words in the control statement 
define the start and end of blocks of code, and expres- 
sions to be evaluated. 



ample: 
|f(A==(gHL') 


The condition is tested. 


PORTS - B (A) 


If A equals the content of 


A = @HL 


memory at HL, this code is 


else 


executed. 


A + = @HL 


Otherwise, this code is 


A~= B 


executed. 


PORTS = A 




endif 





Table 3 shows the directives used within the control 
statements. 

Tables. Control Statement Directives 



Directive 






Function 


lf<elseif-eise- 


endif 




Test variable expressions 


lf_bit-elseif^bit- 


else- 


endif 


Test bit expressions 


switch - case - default • 


-ends 


Select based on variable 


for -next 
while - endw 






Loop, test yariabte 


repeat - until 








while_blt - endw 
repeat - untlLbit 






Loop, test bit 


breal< 






Exit control block 


continue 






Skip to top of block 


goto LABEL 






Branch to label 
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Viariable and Bit Expressions 

Variable expressions for tests consist of a single value, a 
comparison between two variables, or a logical combi- 
nation of comparisons. Bit expressions test individual 
bits. Table 4 shows examples of comparisons. 

Table 4. Examples of Vbriable Expression 
Comparisons 



Comparison 




Meaning 


if (A) 




True if A is non-zero 


if (A< B) 




True if A Is less than B 


if ((A < B) && (A > 


C)) 


True If A Is less than B and greater 
than C 


if_bit(P0RT1.2) 




True If bit 2 of P0RT1 is 1 



The allowable expressions using variables are shown in 
table 5. 



Table 5. Expressions and Examples 


Expression 


Example 


Primary 


(A) 


Term 


(A < = B) 


Term && Term 


((A<B)&&(A>C)) 


Term II Term 


((A==C)II(A==B)) 



A primary value for a variable expression is a register 
name or defined symbol. A term consists of two primary 
values compared with a binary operator. Table 6 lists the 
supported binary operators and their meanings. 



Tables, 


Binary Operators 


Binary Operator 


AAeaning 


= = 




Equals 


! = 




Not equal 


> 




Greater than 


*- > = 




Greater than or equal to 


< 




Less than 


< = 




Less than or equal to 



Dll expresbiuil5 itjibi muiviuucii una ui icyioLcio, pwi lo, \j\~ 

memory locations. Table 7 shows the allowable forms of 
bit expressions. 



Table?, Bit Expressions 




Bit Expression 


Example 


Blt_primary 


(PORT0.2) 


! Bit-primary 


(ICY) 


Bit-primary && Bit-primary 


(A.O&&CY) 


Bit^prlmary II Bit_primary 


(PORT0.2IICY) 



A Bit^primary can be either a reserved word bit Identi- 
fier, such as a bit of a register or port (PORT0.1, CY), or 
a bit definition symbol (SBO EQU PORT0.2). 

ST75X Operation and Controls 

ST75X is invoked by specifying the name of the source 
file, followed by optional controls. 

Example: 

C>ST75X ABC.SRC -DXYZ=3 

ST75X reads the specified source file and produces an 
output assembly language file, which can be input to 
RA75X. The output file contains all lines provided in the 
input source file, plus those generated by ST75X. Lines 
containing no statements for the structured assembler 
are passed through unchanged. Lines with structured 
assembly statements are placed in the output preceded 
by a semicolon. RA75X treats these lines as comments. 
These lines are then followed by the code generated by 
ST75X. 

The controls for ST75X are specified in the preprocessor 
command line or in a parameter file invoked in the 
command line. Table 8 lists the ST75X preprocessor 
controls and functions. 

Table a. 5 T75X Preprocessor Controls 



Control 


Function 


-Ofllename 


Specify name of output assembly source file 


-Ffilename 


Specify name of parameter file to be read 


-Efilename 


specify name of error listing file 


-Dsymbol[= value] 


Define symbol (like #define In code) 


-l[d:][directory] 


Define path for include file 


-V/7..1,..2,..G 


Define -:.\Z cc":-5C for gcncrctcc! cede 
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The ~0 option allows the name of the output file to be 
specified. If not specified, the output file name defaults 
to the name of the input source file with the extension 
.ASM. 

The ~F option allows a parameter file to be specified, 
which will be read by ST75X. This parameter file can 
contain a list of controls to be given to ST75X, instead of 
or In addition to those specified on the command line. 

The -E option specifies the name of the error listing file. 
The error file contains the file name, error number, 
description of error, and the line containing the error. If 
the -E option is not specified, the error file name defaults 
to the name of the input source file with the extension 
.EST 



The -D control allows a symbol to be defined on the 
command line, with an optional value provided. If a 
symbol is defined but no value specified, the value 
defaults to 1. If the source file contains a #define 
directive, which specifies a variable with the same name 
as the -D control, the value on the command line will 
override the value in the #def ine directive. 

The -I specifies a drive or directory other than the 
current drive and directory to search for include files. 

The -WT control specifies the number of TAB characters 
to insert before labels, instruction mnemonics, and in- 
struction operands generated by ST76X. This allows 
clear separation of assembly language instructions 
coded in the source file from those generated by ST75X. 
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DDK-78C10 

Evaluation Board 

for the fiPD78CXX Series 



Description 

The DDK-78C10 is an evaluation board for the NEC 
fiPDlSCYX series of 8-bit single-chip microcomputers. 
The DDK-78C10 is designed to provide maximum flexi- 
bility when evaluating and designing with the /liPD78CXX 
series. Prominent features of the DDK-78C10 are 8K 
bytes of ROM, 8K bytes of RAM, an RS-232C communi- 
cation port, and a powerful monitor program. The DDK- 
78C10 board is supplied on an IBM PC® compatible card 
and includes a playpen area for building your application 
specific hardware. 

A copy of RA87, the ^PD7800 series relocatable assem- 
bler for use on an IBM PC, PC/XT®, PC AT®, or compat- 
ible host computer, is shipped with each DDK-78C10 to 
allow code to be developed for evaluation purposes. 
Also included with the DDK-78C10 is an emulator con- 
troller program for the IBM PC, the source code for the 
monitor, and a complete set of documentation. This total 
package provides you with a fast, efficient way of eval- 
uating the capabilities of the iitPD78CXX series for your 
application. 

Features 

a /14PD78CXX series evaluation board with power 
supply 

D On-board memory 
DDK-78C10 Evaluation Board 



— ROM: 8K bytes 

— RAM: 8K bytes 

Q Powerful on-board debug monitor 

— Real-time operation 

— Display/change/fill/move memory 

— One software breakpoint 

— User program download capability 

— Input from ports A, C, and port B (bits 2-7) 

— Output to ports A, C, and port B (bits 2-7) 

— Repeat the previous command 

1:1 RS-232C serial interface for terminal or host 
computer 

a Playpen area for user circuitry 

D IBM PC card form factor 

D RA87 ^PD7800 series relocatable assembler 
package 

n Host control software for IBM PC, PC/XT, PC/AT, 
or compatibles 

D Source code for DDK-78C10 monitor Included 
Ordering Information 



Part Number 



Description 



DDK-78C10 



Evaluation board for the |kPD78CXX series 



IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corooration. 
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Hardware Description 

The DDK-78C10 features a /[*PD78C10 with 16K bytes of 
on-board memory. The first 8K bytes are dedicated to 
ROi\^ and contain a powerful monitor program. The 
second 8K bytes are dedicated to RAM and can be used 
for user program storage. The internal RAM area of the 
uPDJBC^O (addresses OFFOOH to OFFFFH) is used for 
the monitor stacl< and data area. 

The serial port of the /iiPD78C10 is connected through an 
RS-232C driver/receiver to an DB25 pin connector. A 
reset switch Is provided to return the DDK-78C10 to the 
power-up state without losing the contents of the exter- 
nal RAM. 

An AC/DC converter is provided to power the DDK-78C10 
in the stand-alone mode. The DDK-78C10 can also re- 
ceive its power directly from the IBM PC bus. 

The DDK-78C10 block diagram is shown below. 



Software Description 

The DDK-78C10 comes with a powerful interactive mon- 
itor to facilitate software design with the mFD78CXX 
series. A user program can be downloaded into user 
RAM and executed in real-time with or without a break- 
point. 

The DDK-78C10 supports one address breakpoint that 
can be specified in the Go command line. The monitor 
sets a breakpoint by substituting a software interrupt 
instruction (opcode 72H) for an instruction in the user 
program. 

Additional commands are available to: 

• Display, fill, change, or move memory 

• Display the command list 

• Input data from ports A, C, and port B (bits 2-7) 

• Output data to ports A, C, and port B (bits 2-7) 

• Repeat the previous command 



Blocic Diagram 
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Table 1 contain^ a complete list of the DDK-78C10 
monitor commands and their syntax. 



Table f . 


Command List 




Command 


Function 


Syntax 


C 


Change memory byte 


C[addr] 


D 


Display memory 


D[saddr][,eaddr] 


F 


Fill memory 


F[saddr],[eaddr],dd 


G 


Go (to breakpoint) 


G[saddr][,baddr] 


1 


Input from port A,C, and 
port B (bits 2-7) 


l[p] 


H 


Show this menu of 
commands 


H 


L 


Load a HEX file on to the 
DDK-78C10 


L[saddr] 


M 


Move a block of memory 


M[saddr][,eaddr][,addr] 





Output to port A, C, and 
port B (bits 2-7) 


0[p] 


R 


Repeats the previous 
command 


R 



Notes: 

(1) addr = 16-bit address in hexadecimal format 

(2) dd = 8-bit value in hexadecimal format 

(3) saddr = 16-bit start address in hexadecimal format 

(4) eaddr = 16-bit end address in hexadecimal format 

(5) p = ports A.B.C 

RA87 Relocatable Assembler Package 

The RA87 relocatable assembler package converts sym- 
bolic source code for the jliPD7800 series 8-bit single- 
chip microcomputers into executable absolute address 
object code. A copy of RA87 is included with the DDK- 
78C10 for use on an IBM PC, PC/XT, PC AT, or compati- 
ble. Using this software, you can easily write evaluation 
programs for the )[iPD78CXX family 



Emulator Controller Program 

Absolute address object files produced by the RA87 
relocatable assembler package can be downloaded to 
the DDK-78C10 using the NEC emulator controller pro- 
gram which Is supplied with the DDK-78C10. This con- 
troller program allows you to download files from your 
IBM PC or compatible to the DDK-78C10 board. In 
addition to downloading files, the NEC emulator control- 
ler program provides you the following additional capa- 
bilities: 

• Complete DDK-78C10 control from host console 

• On-line help facilities 

• Host system directory and file display 

• Storage of debug session on disk 

License Agreement 

RA87 is provided under the terms of a license agreement 
which is included with the DDK-78C10 board. The ac- 
companying card must be completed and returned to 
NEC Electronics Inc. to register the license. Software 
updates are provided to registered users. 

Documentation 

For further information on the DDK-78C10 evaluation 
board, NEC Electronics Inc. provides the following 
documentation: 

• DDK-78C10 User's Manual 

This manual is provided with the board. Additional cop- 
ies may be obtained from NEC Electronics Inc. 
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IE-78C11 
In-Circuit Emulator 



Description 

The IE-78C11 is an in-circuit emulator providing botli 
Jiardware emulation and software debugging capabili- 
ties for the NEC /[iPD78C10, mPD78C11, /*PD78C14, and 
^PD78CP14 eight-bit single-chip microcomputers. Real- 
time and single-step emulation, coupled with sophisti- 
cated memory mapping features, breakpoints and trace 
capabilities, create a powerful debugging environment. 
A line assembler and disassembler, full register and 
memory control, and complete upload/download capa- 
bilities simplify the task of debugging hardware and 
software. The iE-78C11 is designed to operate as a 
stand-alone, in-circuit emulator controlled from either a 
user terminal or a host computer system. 

Features 

° Real-time and single-step emulation capability 

■=> User-specified breakpoints 

— Logical OR of up to four sets of break conditions: 

Opcode fetch count 

External sense clips condition 

Emulation time 

Logical AND of addresses, data values, 

CPU controls, and number of loops 

° Sophisticated trace capabilities 

— Instruction or machine cycle display 

— 1,024 trace frames 

IE-78C11 In-Circuit Emulator 




— Address, control, data, and port trace 

n Powerful memory mapping 

— 64K bytes of RAM mappable in 256-byte blocks 

Q Line assembler/disassembler 

o Operating state LED indicators 

D Latch-up warning for CMOS protection 

a Eight external sense probes 

n Self-diagnostic command 

n Stand-alone configuration 

— User terminal controlled 

— Host computer system controlled 

n IE78C11 controller program for IBM PC®, PC/XT®, 
PC AT®, or compatibles 

— Symbolic debugging 

— Autoexecutlon of commands 

— On-line help facility 

— Debug session logging 

Ordering Information 



Part Number 



Description 



IE.78C11-M 



In-clrcuit emulator for |»PD78C10/C11/C14/CP14 



EP-7811HGQ 



Emulator probe for 64-pin QUIP package 
(shipped with iE-78C11) 



EV-9001 -64 Optional emulator probe adapter for 64-pin 

shrink DIP package (used with EP-7811HGQ) 

IBM PC, PC/XT, and PC AT are registered trademarks of international 
Business Machines Corporation. 
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Hardware Description 

The IE-78C11 hardware consists of a controller module, 
driver module, interface probe, external sensing clips, 
and the Interconnecting cables. The controller module, 
responsible for real-time trace and control of the driver 
module, houses the host CPU, two RS-232C serial ports, 
and an IEEE-796 bus connection. The driver module 
containing the emulation chip and associated control 
logic is connected to the controller module by two 
50-pin flat cables. The driver module interfaces to the 
prototype system through the 64-pin emulation probe 
and eight external sensing clips used for monitoring 
user-selected signals in the prototype hardware. 

Memory l\/lapping 

The IE-78C11 incorporates a sophisticated memory 
mapping scheme which allows access to up to 64K 
bytes of rhemory mapped in 256-byte units. The map 
command allocates memory space of the emulation 
CPU either to the user system or to the IE system. Even 
if development of the target system is not complete, 
software debugging is possible by using this internal 
RAM in place of the target system RAM. When memory is 
mapped as internal ROM of the IE-78C11, write-protect 
becomes operative. 

Emuiation 

Following termination of real-time emulation or during 
single-step emulation, the registers, stack pointer, pro- 
gram status word, and program counter are displayed. 
Following a real-time emulation breal<, the IE-78C11 
automatically enters the single-step mode. Each time 
the space bar is pressed during single-step emulation, 
one instruction is executed and the trace data, disas- 
sembly list, and the register contents are displayed. 

Brealcpoint Capabilities 

The following three conditions cause a breal< in real-time 
emulation: 

• Entering the ESC (escape) key on the user terminal 

• Attempting access to a non-mapped area 

• Satisfying a user-designated breakpoint 

Four user-designated breakpoints may be selected from 
a cqml^ination of address registers, data registers, or 
control signals. A break can also be set in the following 
ways: by a loop counter, by an instruction count, by a 
timer function set in the range of 1 to 65,535 ms, and by 
matching user-specified conditions for the eight exter- 
nal sense signals. 



Trace Capabilities 

The IE-78C11 has a IK X 56-bit trace RAM for storing 
emulation data for each machine cycle. For the range 
specified by the user, a trace can be performed on the 
address, data, and control signals, including RD, WR, OP 
and lO/M as well as ports A and B and the signals from 
the eight external sense clips, for up to 1,023 machine 
cycles. In machine cycle display mode, the trace display 
includes the address, data, cycle, port A and port B. In 
the instruction cycle trace mode, the trace display in- 
cludes the address, object, label, mnemonic, port A and 
port B. 

Self-Diagnostics 

A self-diagnostic command monitors the IE-78C11 for 
error-free operation. It checks internal memory, ports A, 
B, C, D, and F, the analog inputs, pins MODEO and 
MODE 1, and the serial I/O lines. 

Utilities 

The upload/download commands provide easy loading 
and saving of hex files to and from a disk. The on-board 
assembler/disassembler allows the user to avoid pro- 
gramming in machine code. Display/change register/ 
memory commands give the user full data manipulation 
capability Initialize commands allow the user to choose 
a clock source and a base number, and to define memory 
locations. 

Operating States and CIVICS Protection 

Four LED indicators HALT, SOFT STOP, HARD STOP, 
and LATCH-UP are provided on the top panel of the driver 
module to indicate the IE-78C11 operating state. HALT 
and SOFT STOP will light when executing a HLT or 
STOP instruction. Th6 HARD STOP LED lights when a 
low level is input on the STOP pin. The LATCH-UP LED 
lights when any CMOS 10 in the driver module is in 
danger of being damaged by improper voltage levels on 
the pins. A protection circuit is activated to isolate the 
CMOS ICs from the power supply 
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Emulation Accuracy 

Software can designate ports D and F as either input or 
output ports if tliey are being used to communicate witti 
a periplieral device witli a bidirectional data bus. How- 
ever, wlien using tlie IE-78C1 1, tlie user must specify the 
port direction upon power-up, and only use the port in 
that configuration. The low level output voltage of RD, 
WR, ALE, PD0-PD7, or PF0-PF7 for the itiPD78ClO/78Cl 1/ 
78C14 is typically .45 V. Depending on the conditions, 
the emulator may deviate up to ± 10% of this rating. 

IE78C11 Controller Program 

The IE-78C11 can be connected to an IBM PC, PC/XT, PC 
AT or compatible by an RS-232C port and operated in 
system mode. By using the accompanying control soft- 
ware, the debugging capabilities of the IE-78C11 are 
greatly increased. Macro command file capability allows 
the user to execute a defined set of commands automat- 
ically. The on-line help facility, the history command, and 
the ability to store the console display on disk ease 
debugging tasks. The uploading and downloading capa- 
bility can be utilized to upload and download both object 
code and symbol information. Other advantages are an 
alter symbol command and a terminate command for 
exiting to the operating system. 

Table 1 lists commands available for both the stand- 
alone and IBM PC controlled configurations of the lE- 
78C11. Commands listed in table 2 supplement table 1, 
but can be used only with the IBM PC based controller 
program, IE78C11. 

Table 1. SiantN^one ana IBM PC Based 
Controller Program 



Command 


Function 


ASM 


Line assemble command 


BR? 


Changes or displays the breal<point register used 
for stopping real-time emulation 


CLK 


Clock command (internal or external) 


DAS 


Disassemble command 


DIG 


Self-diagnostic command 


LOD 


Loads hex format file Into program memory 


MAP 


Memory mapping (64K bytes are accessible) 


MAT 


Calculator function 


MDR 


Displays or modifies the mode registers of emulator 
CPU 


MEM 


Memory manipulation command 


MOV 


Moves memory content to different mapping area 


REG 


Displays or modifies the registers of emulator CPU 


RES 


Resets IE-78C11 and emulator CPU 



Table 1. 


StantMlone and IBM PC Based 
Controller Program (coni^ 


Command 


Function 


RUN 


Commences execution of emulator CPU In real- 
time with options for break conditions 


SAV 


Saves contents of hex memory onto disk 


SPR 


Displays or modifies the special registers of 
emulator CPU 


SUP 


Base number specification (hex, octal, binary, 
decimal) 


TR? 


Changes or displays the trace conditions for both 
real-time or single-step emulation 


Table 2. 


IBM PC Based Controller Program 


Command 


Function 


DIR 


Displays filenames 


EXT 


Terminates IE-78C11 operation 


HLP 


Displays command format 


LOD 


Loads hex format and symbol files 


LST 


Stores console display on disk 


MOD 


inputs local symbols of specified modules 


R\G 


Displays and changes V register value 


SAV 


Saves object code and symbol table onto disk 


STR 


Automatically executes macro command file 


SYM 


Clears, displays, or changes a symbol 



Equipment Supplied 

The IE-78C11-M package consists of the following: 

• IE-78C11 controller module 

• IE78C11 controller program (IBM PC based) 

• IE-78C11 driver module with 64-pln QUIP emulation 
probe and eight external sense probes 

• Power supply connector 

• Serial communication cable for RS-232C to RS-232C 

• Serial communication cable for TTL to RS-232C 

• IE-78C11 user's manual 

• Warranty policy and registration card 
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Basic Specif ications Documentation 

Control module: For further information on IE-78C11 operation, NEC 

\AAi8nht. fifinn Electronlcs Inc. provides the In-clrcult emulator together 

• Yveigni t>bu g ^ with the following manuals: 

• External dimensions: length, 230 mm; width, 305 mm 

• Power consumption: 6.5 A (+5 V max), 0.5 A • If^^p.V"'^ In-Circuit Emulator Stand-Alone 
(+12Vmax),0.5A(.12Vmax) UserlsManual 

^ . . . • IE78XX Controller Program User's Manual 

Driver module: (IBM PC Based) 

• Weight: 2,600 g • I E-78C11 Sample Session User's Manual 

• External dimensions: length, 400 mm; width, 230 mm; (IBM PC Based) 

height, 48 mm Additional copies may be obtained from NEC 

Environmental Characteristics Electronics Inc. 

• Operating temperature range: to +45*C 

• Storage temperature range: -10 to +55**C 

• Ambient humidity range: 30 to 85% relative humidity 
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CC87 

Micro-Series^ 

C Compiler Package 

for the fiPDTSOO Series 



Description 

The CC87 Micro-Series'" compiler package for the 
NEC ^PD7800 series of microcomputers consists of an 
ANSI cross compiler, relocatable macro assembler, 
linl^er, library manager, loader, and converter. Developed 
by lAR systems in Sweden for NEC, the Micro-Series C 
compiler package Is available for use on an MS-DOS<^, 
VAX/VMS®, or VAX/UNIX"* 4.2BSD or ULTRIX® system 
with a free-standing system as target (embedded sys- 
tem). The target microcomputers supported by this 
package are: /xPD7807/09, mPD7810/10H, mPD7811/11H, 
/[tPD78PGl1/PGl1H. and the itiPD78Cl0/Cl1/Cl4. 



Ordering information 




Part Number 


System 


Description 


CCMSD-i5DD-87 


MS-DOS 


5-1/4" double-density 
floppy diskette 


CCVMS.OT16-87 


VAX/VMS 


S-track 1600 BPI 
magnetic tape 


CCUNX-OT16-87 


VAX/UNIX4.2BSD 
orULTRIX 


9-track 1600 BPI 
magnetic tape 



CROSS COMPILER (ICC7800) 

Description 

The cross compiler which Is the ICC7800 program, 
converts standard C source code into relocatable object 
modules in the lAR systems proprietary universal binary 
relocatable object format (UBROF). This format Is used 
for all relocatable object files in the micro series devel- 
opment system, whether generated by an assembler or 
compiler. 

Features 

n ANSI standard C 

— Const, volatile, signed, void, enum keywords 

— Function prototyping 

— Hex strina constants 

— Structure and union assignments 



Micro-Series is a trademark of lAR Systems AB. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX and VMS are registered trademarks of Digital Equipment 

Corporation. 

UNIX is a trademark of AT&T. 

ULTRiX is a registered trademark of Digital Equipment Corporation. 



Q UNIX LINT functions (legal C code verification) 
Integrated Into the compiler 

o Interface checking between modules performed by 
the linker XLINK 

° Library Interface checking 

° Generation of list and full cross reference files 

a Built in help facility 

° Simple diagnostics 

C Library Functions 

The CC87 Micro-Series C compiler package includes 
most of the important C library functions that apply to 
PROM-based embedded systems. All library functions 
reside in the supplied library files. Header files that 
declare the set of library functions are also included. 

The following library functions are available: 

CHARACTER HANDLING <ctype.h> 
Isalnum isalpha Iscntrl isdigit islower 
Isprint Ispunct 
Isspace isupper toiower toupper 

NON-LOGICAL JUMPS < setjmp.h > 
longjmp setjmp 

FORMATTED INPUT/OUTPUT < stdlo.h > 
getchar printf putchar sprintf Jormatted^write 

GENERAL UTILITIES <stdlib.h> 
calloc exit free mailoc ralloc 

STRING HANDLING < string.h > 
strcat strcmp strcpy strlen strncat strncmp strncpy 

MATHEMATICS <math.h> 
atan atan2 cos exp log log10 modf pow sin sqrt tan 

Memory Models 

There ZT^ tW'C r??fT*0"'*' '"O'^**'**. fttatir; and reentrant, 
which differ only In allocation of auto variables. In the 
reentrant mode, all local auto variables are allocated and 
deallocated dynamically; the auto variables reside on 
the stack, which is necessary if recursive or reentrant 
functions are needed. This option sometimes generates 
more code and slower code than the static mode. In the 
static mode, all function level variables are put into static 
memory, with the exception of function arguments which 
are always placed on the stack. 
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RELOCATABLE MACRO ASSEMBLER (A7800) 

Description 

The relocatable macro assembler (A7800), translates 
symbolic source code for the NEC /[iPD7800 series of 
microcomputers Into relocatable object modules In the 
lAR systems proprietary UBr6f format. 

Features 

The relocatable macro assembler features are as follows: 
° Absolute or relocatable address object code output 

° Directives 

— List formatting 

~ Conditional assembly, separate assembly 

— Memory allocation 

— Macro definition and value assignments to 
symbol directives 

13 Generation of list files 

a Generation of cross reference and symbol tables 

a Ability to include files in another source 

Directives 

Assembler directives give instructions to the program 
but are not translated into machine code during assem- 
bly Basic directives include those for storage definition 
and memory allocation (DB, DD, DW, DS); symbol con- 
trol and usability (PUBLIQ, EXTERN, LOCSYM); and 
value assignments to symbols (SET, EQU, =, DEFINE). 

Program control directives Include those for module 
definition (NAME, MODULE, ENDMOD); segment defini- 
tion and control (ASEG, RSEG, STACK, COMMON, 
ORG); conditional assembly (IF, ELSE, ENDIF); macro 
processing (MACRO, ENDMAC); and listings control 
(LSTOUT LSTCND, LSTCOD, LSTEXP, LSTMAC, 
LSTWID, LSTFOR, LSTPAG, PAGSIZ. PAGE. TITL, STITL, 
PTITL, PSTITL, LSTXRF). 

LINKER (XLINK) 

The univer$al linker, XLINK, combines relocatable object 
modules and absolute load modules and produces one 
absolute load module. The controls for XLINK may be 
specified either on the command line or in a parameter 
file In addition to being able to generate several types of 
absolute load module formats, it is also possible to 
generate cross reference lists with an index list; define 
segment allocation; force load and conditional load of 
files; bank segments; and define a symbol on a com- 
mand line. The absolute load module can Contain sym- 
bol information as well as absolute object code. 



LOADER (RC7800) AND 
CONVERTER (CONVERT) 

Linker output is usually fed to the target system RAM/ 
PROM or emulator using the RC7800 loader or other user 
program. Previously written assembler programs, coded 
by the NEC jitPDt800 family assembler, may be con- 
verted to the A7800 assembler format using the CON- 
VERT program. 

LIBRARIAN (XLIB) 

The XLIB librarian creates and maintains files containing 
relocatable object modules. With XLIB, the user can 
merge object files from different assemblies/ 
compilations in order to create libraries; delete individual 
modules, change the order of modules and check the 
OR C in a module; and rename modules, segments, 
externals or entries. In addition, XLIB can change the 
properties of a module to be conditionally or uncondi- 
tionally loaded. Use of XLIB reduces the number of files 
that need to be linked together by allowing several 
modules to be kept In a single file, providing an easy way 
to link frequently used modules into programs. 

LICENSE AGREEMENT 

CC87 Micro-Series C Compiler package is sold under 
terms of a license agreement^ which is included with the 
purchased copies of the compiler. The accompanying 
card must be completed and sent to NEC Electronics 
Inc. to register the license. Software updates are pro- 
vided free to registered users. 

DOCUMENTATION 

For further information on source program format, com- 
piler operation, assembler operation, linker, librarian, and 
converter programs, and actual program examples, NEC 
Electronics Inc. provides the following documentation: 

• Micro-Series ANSI C Cross Compiler for 
Microprocessor Development 

• ICC7800 Micro-Series ANSI X Cross-Compiler 
Appendix for the 7800 Microprocessor Family 

• Micro-Series Assemblers, Linker, and Librarian for 
Microprocessor Development 

• A7800 Micro-Series 7800 Family Assembler Reference 
Manual 

• Micro-Series RC7800 and Converter Manual 

This documentation Is provided with purchased copies 
of the Micro-Series C Compiler package. 
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RA87 

Relocatable Assembler Package 

for the fiPD7800 Series 



Description 

The RA87 relocatable assembler package converts sym- 
bolic source code for the /xPD7800 series of microcom- 
puters into executable absolute address object code. 
The /xPD7800 series relocatable assembler package con- 
sists of six separate programs: assembler (RA87), linker 
(LK87), hexadecimal format object converter (0087), 
librarian (LB87), list converter (LCNV87), and macropro- 
cessor (MP). 

RA87 translates a symbolic source module into a relo- 
catable object module. The assembler verifies that each 
instruction assembled is valid for the target microcom- 
puter specified at assembly time. 

LK87 combines relocatable object modules and absolute 
load modules and converts them into an absolute load 
module. OC87 converts an absolute object module or an 
absolute load module into an ASCII hexadecimal format 
object file. 

LB 87 allows commonly used relocatable object modules 
to be stored in one file and linked into multiple programs, 
greatly increasing programming efficiency. When a li- 
brary file is included in the input to the linker, the linker 
extracts only those modules required to resolve external 
references from the file and relocates and links them into 
the absolute load module. 

L0NV87 allows relocatable list files to be converted into 
absolute list files. MP expands macros contained in a 
source program prior to assembling. 

Features 

n Absolute address object code output 

° Generic jump capability 

n User-selectable and directable output files 

n Extensive error reporting 

n Macro Capabilities 

n Runs under MS-DOS® and VAX^/VM5^ operating 
systems 



MS-DOS Is a registered trademark of Microsoft Corporation. 
VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 



Ordering Information 


Part Number 


System 


Description 


RA87-D52 


MS-DOS 


5-1/4 inch double-density floppy diskette 


RA87-WT1 


VAX/VMS 


9-track 1600 BPI magnetic tape 



Program Syntax 

An RA87 source module consists of a series of code, 
byte-oriented data, or bit-oriented data segments. Each 
segment consists of statements composed of up to four 
fields: symbol, mnemonic, operand, comment. 

The symbol field may contain a label whose value is the 
instruction or data address or a name which represents 
an instruction address, data address or a constant. The 
mnemonic field may contain an instruction or an assem- 
bler directive. The operand field contains the data or 
expression for the specified instruction or directive. The 
comment field allows explanatory comments to be 
added to a program. 

Character constants are translated into seven-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators + , -, *, /, NOT, AND, OR, XOR, 
EG, NE. GX GE, IT, LE, SHR, SHL, HIGH byte, LOW byte, 
MOD, and the - sign. 

Assembler Directives 

Assembler directives give instructions to the assembler 
but are not translated into machine code during assem- 
bly Basic assembler directives include: storage defini- 
tion (DB, DW, DS, DBIT); symbol definition (ECU, SET, 
CODE, DATA, BIT); and program boundary definition 
(ORG, END). Program linkage directives are provided to 
NAME the module and to declare symbols as PUBLIC or 
external (EXTRN). 

Segment definition directives define whether a segment 
is a code segment (CSEG), allocated to ROM; a data 
segment (DSEG) or a bit segment (BSEG), allocated to 
RAM; or a working register segment (VREG). The ad- 
dress boundary conditions for each segment directive 
are specified in its operand. These Include UNIT, PAGE, 
INPAGE, FIXEDAREA, BYTE, CALLTABLE, AT, BITAD- 
DRESSABLE. The combination types of PUBLIC, COM- 
MON and COMPLETE, specified in the operand, define 
how to link segments with the same name and segment 
definition. 



9-29 



RA87 



NEC 



The i[iPD7800 series instruction set contains tliree jump 
instructions with varying legal address ranges. To avoid 
calculating which jump instruction to use, the program- 
mer can substitute the generic jump (GJMP) directive for 
any relative jump (JR), any extended relative jump (JRE), 
or any long jump (JMP) instruction in the source pro- 
gram. During assembly a suitable jump instruction is 
chosen for each GJMP directive. 

Assembler Controls 

The RA87 assembler (figure 1) has two types of controls. 
The primary controls, which are specified in the assem- 
bler command line, a parameter file, or at the beginning 
of the source module, are as follows: 

• Target microcomputer specification 

• Output file selection and destination 

• Listing format controls 

• Date specification 

The general controls, specified in the assembler com- 
mand line, a parameter file, or at any place In the source 
program, are as follows: 

• Generation/suppression of listing 

• Listing titles 

• Inclusion of other source files 
(In source program only) 

• Page eject (in source program only) 

The listing file may contain the complete assembly 
listing or only lines with errors, and a symbol table or a 
cross reference table. The symbol table shows all defined 
symbols in alphabetical order, their types, attributes, 
and the values Initially assigned to them. The cross- 
reference table contains all defined symbols and the 
numbers of al I statements that refer to them. 

The object file contains the relocatable object module. 
The format of this module is a NEC proprietary relocat- 
able object module format. This object file may also 
contain local symbol information for the symbolic de- 
bugger. 



Figure /. Relocatable Assembler Functional 
Diagram 
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Linker 

The LK87 linker (figure 2) combines several relocatable 
object modules or absolute load modules, resolving 
PUBLIG/EXTRN references between modules, to create 
an absolute load module. This load module contains 
both absolute object code and symbol information. The 
linker will also search library files for required modules to 
resolve external references. The linker controls for LK87 
can be specified in either the command line or In a 
parameter file. The programmer can specify the date, 
module name, stack size and starting address, ROM/ 
RAM segment allocation, starting address and order for 
code/data/bit relocatable segments, and the page ad- 
dress for the working register group. The programmer 
may also specify that a list file containing a link map, a 
local symbol table, or a public symbol table be created. 
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F^ure. 


2. Linker Functional Diagram 
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Hexadecimal Format Object Converter 

The OC87 object converter (figure 3) outputs the object 
code file in ASCII hexadecimal format, which can be 
downloaded to a prom programmer or hardware debug- 
ger. The programmer can specify whether or not to 
generate a symbol file for a hardware debugger. 

Figure 3. Hexadecimal Format Object Code 
Converter Functional Diagram 
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Librarian 

The LB87 librarian creates and maintains library files 
containing relocatable object modules. This reduces the 
number of files to be linked together by allowing several 
modules to be stored in a single file. This provides an 
easy way to link frequently used modules into programs. 
Modules can be added to, deleted from, or the contents 
of the library file can be listed. 

List Converter 

Normally, listing files produced by a relocatable assem- 
bler do not show the final absolute address for instruc- 
tions, as their location is not decided until link time. The 
address shown in the listing is only the offset from the 
start of the code or data segment. 

The LCNV87 list converter (figure 4) uses the assembly 
list and object module files from the assembler and the 
load module file from the linker, to create an absolute 
address assembly listing. This absolute listing shows the 
addresses of instructions as their final absolute address 
in memory, and is useful in debugging or program 
documentation. The programmer can specify the load 
module (-L), assembly list (-A), and output assembly (-0) 
file names. 

Figure 4. List Converter Functional Diagram 
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Macroprocessor 

The MP macroprocessor (figure 5) interprets the macros 
described in a source program and expands them to 
create another source program, which can then be input 
to the assembler. It has the following three main func- 
tions: 

• Expands macros by defining and referencing them 

• Reads and expands include files 

• Selects an assembler source based on a conditional 
macro instruction 



Figure 5- 


Macroprocessor Functional Diagram 
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Operating Environment 

The NEC RA87 package can run under a variety of 
operating systems. A version is available to run on a 
MS-DOS system with one or more disk drives and at 
least 128K of system memory Another version is avail- 
able to run on a Digital Equipment Corporation VAX 
computer under the VMS (Version 4.1 or later) operating 
system. 

Emulator Controiler Program 

Absolute object files produced by the RA87 relocatable 
assembler package can be debugged using the appro- 
priate NEC stand-alone in-circuit emulator. NEC emula- 
tor controller programs allow communication with the 
emulator through an RS-232C serial line. An emulator 
controller program can run on the IBM PC®, PC/XT®, 
and PC/AT® under MS-DOS and is provided with the 
in-circuit emulator at no extra charge. 



These emulator controller programs provides the follow- 
ing features: 

• Uploading and downloading of object and symbol files 

• Symbolic debugging 

• Complete emulator control from host console 

• On-line help facilities 

• Macro command file capabilities 

• Host system directory and file display 

• Disk storage of debug session 

License Agreement 

RA87 is sold under terms of a license agreement which is 
included with the assembler The accompanying card 
must be completed and returned to NEC Electronics Inc. 
to register the license. Software updates are provided 
free to registered users. 

Documentation 

For further information on source program formats, 
assembler operation, and actual program examples, 
NEC Electronics Inc. provides the following documenta- 
tion: 

• RA87 /LtPD7800 Series Relocatable Assembler 
Package User's Manual 

• MP Macroprocessor User's Manual 

This documentation is provided with purchased copies 
of the package. Additional copies may be obtained from 
NEC Electronics Inc. 



IBM PC, PC/XT, and PC/AT are registered trademarks of International 
Business Machines Corporation. 
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fiPD782XX Designer Kits 



Description 

The DK-78K2 designer kits are powerful development 
toolboxes for the 78K2 family of eight-bit microcomput- 
ers. Each kit includes all the hardware and software to 
design and implement elaborate embedded control ap- 
plications for the mPD7821X, /^PD7822X, orMPD7823X.To 
enhance the development process, each kit Includes 
NEC's new ST78K2 structured assembler preprocessor, 
which provides high-level language constructs without 
code inefficiency. 

The DK-78K2 features an EB-782XX emulation board with 
either a /xPD78213, fiPD78220, or /liPD78230 microcom- 
puter, probe connector, on-board monitor, and serial 
interface for an IBM PC«>, PC/XT®, PC/AT®, or compati- 
ble computer. The EB-782XX emulation board can be 
used without a target system or can be directly con- 
nected to a user's system with the enclosed emulation 
probe. 

The on-board monitor facilitates access to RAM, ROM, 
I/O, and special function registers in a real-time environ- 
ment. Programs can be downloaded to the on-board 32K 
byte memory for evaluation and debugging. A line as- 
sembler and disassembler provide easy code debugging 
and modification. An NEC emulator controller program 
on disk makes it possible to download code from an IBM 
PC and provides complete control of the EB-782XX from 
the console of the PC. 

The kit includes both the RA78K2 relocatable assembler 
package and the ST78K2 structured assembler prepro- 
cessor for software development. Source modules con- 
sist of a combination of structured and pure assembly 
language which reduces development time and effort. A 
complete set of documentation is provided for the EB- 
782XX, Its two software packages, the target ptPD782XX 
microcomputer, and other NEC support products for the 
78K2 family. 



Features 

D EB-782XX emulation board 

Q 32K bytes of static RAM 

n Resident monitor 

° Emulation probe 

a Power supply 

n RA78K2 relocatable assembler package 

a ST78K2 structured assembler preprocessor 

n Emulator controller program for IBM PC, PC/XT PC 
AT, or compatibles 

i=> Full documentation package 
Ordering information 



Part Number 


Description 


DK-78K2-21XCW 


IKPD7821X designer kit for shrinl< DiP pacl^age 


DK-78K2-21XGJ 


|ttPD7821X designer kit for QFP package 


DK-78K2-21XGQ 


jttPD7821X designer kit for QUiP package 


DK-78K2-21XL 


JKPD7821X designer kit for PLCC package 


DK-78K2.22XGJ 


JIIPD7822X designer kit for QFP package 


DK-78K2-22XL 


JUPD7822X designer kit for PLCC package 


DK-78K2-23XGC 


jxPD7823X designer kit for 80-pin QFP package 


DK-78K2-23XGJ 


jttPD7823X designer kit for 94-pin QFP package 


DK-78K2-23XL 


JUPD7823X designer kit for PLCC package 



m 



iBM PC, PC/XT, and PC AT are registered trademarks of internationai 
Business Macliines Corporation. 
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EK-78K2 
iiPD782XX Evaluation Kits 



Description 

The EK-78K2 are powerful evaluation i<lts for the 78K2 
family of eight-bit microcomputers. The EK-78K2 allows 
full evaluation of the /iPD7821X, |iPD7822X, or mPD7823X 
in either a stand-alone or an application environment. 
Each icit includes all of the tools to write and test 
application software, and to experiment with the 78K2 
hardware. Also included for user evaluation Is a copy of 
NEC's new ST78K2 structured assembler preprocessor, 
which provides high-level language constructs without 
code ineff iency. 

The EK-78K2 features a DDB-78K2 evaluation board with 
either the /xPD78213, ^PD78220, or iLiPD78233 micro- 
computer and a serial interface that will convert an IBM 
PC®, PC/XT®, PC AT®, or compatible into a 78K2 design 
center. The on-board monitor facilitates the hex object 
code downloading from a PC to the resident RAM on the 
DDB board, where it then can be executed in real-time. 
An NEC emulator controller program on disk allows code 
to be downloaded from an IBM PC and provides com- 
plete control of the DDB-78K2 from the PC console. 

The kit includes both the RA78K2 relocatable assembler 
package and the ST78K2 structured assembler prepro- 
cessor for writing evaluation programs. A complete set 
of documentation is provided for the DDB-78K2, its two 
software packages, the target i[iPD782XX microcom- 
puter, and other NEC support products for the 78K2 
family. 



Features 

□ DDB-78K2-2XX evaluation board 

Q 32K bytes of static RAM 

^ Resident monitor ROM 

n Expansion ROM socket for extended data memory 

o Nine square inches of user prototype area 

n Power supply 

o RA78K2 relocatable assembler package 

n ST78K2 structured assembler preprocessor 

n Emulator controller program for IBM PC, PC/XT, PC 
AT, or compatibles 

a Full documentation package 



Ordering Information 


Part Number 


Description 


EK-78K2-21X 


juPD7821X evaluation kit (IBIVI PC Based) 


EK-78K2-22X 


i*PD7822X evaluation l<it (IBM PC Based) 


EK-78K2-23X 


MPD7823X evaluation kit (JBM PC Based) 



B 



Business Macliines Corporation. 
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Description 

The IK-78K2 in-circuit emulator kits are the ultimate 
debugging tools for the 78K2 family of eight-bit micro- 
computers. Each kit includes all of the hardware and 
software to design and implement elaborate embedded 
control applications for the /iPD7821X, ibiPD7822X, or 
^PD7823X. To enhance the user's development process, 
each kit includes NEC's new ST78K2 structured assem- 
bler preprocessor, which provides high-level language 
constructs without code inefficiency. 

The iK-78K2 features an IE-782XX in-circuit emulator and 
emulator probe. The IE-782XX can be used without a 
target system or can be connected directly to a user's 
system with an enclosed emulator probe. This full feature 
emulator for the /[iPD7821X, ^PD7822X, or /[4PD7823X 
microcomputers provides upload/download capabilities 
from an IBM PC®, PC/XT®, PC AT® or compatible com- 
puter using the NEC emulator controller program on 
disk. This controller program allows the in-circuit emu- 
lator (IE) to be controlled directly from a PC console and 
enhances the IE with an added HELP facility, STRING 
command file capability, and HISTORY command. 

Real-time and single-step emulation capability together 
with extremely sophisticated breakpoint and trace ca- 
pabilities create a powerful, real-time debugging envi- 
ronment. All memory can be written to or read from, 
displayed using the disassembler, altered by the line 
assembler and traced without restrictions. All special 
function registers can also be displayed and altered. Up 
to 32K bytes of internal high-speed memory can be 
mapped for internal ROM emulation. 

The kit Includes both the RA78K2 relocatable assembler 
package and the ST78K2 structured assembler prepro- 
cessor for software development. Source modules can 
consist of a combination of structured and pure assem- 
bly language which greatly reduces development time 
and effort. A complete set of documentation is provided 
for the iF-7R9yy itft two software Dackaoes, the tarpet 
iLtPD782XX microcomputer, and other NEC support prod- 
ucts for the 78K2 family 



Features 

n IE-782XX in-circuit emulator 

□ Emulation probe 

n RA78K2 relocatable assembler package 

□ ST78K2 structured assembler preprocessor 

n Emulator controller program for IBM PC, PC/XT, PC 
AT, or compatibles 

n Full documentation package 
Ordering Information 



Part Number 


Description 


IK-78K2-21XCW 


IKPD7821X in-circuit emulator kit for slirinl^ DIP 
paclcage 


IK-78K2-21XGJ 


I*PD7821X in-circuit emulator kit for QFP 
paclcage 


IK-78K2-21XGQ 


l*PD7821X In-circuit emulator kit for QUIP 
package 


IK-78K2-21XL 


jitPD7821X In-circuit emulator kit for PLCC 
package 


IK-78K2-22XGJ 


iaPD7R??X in-clrcuit emulator kit for QFP 
package 


IK-78K2-22XL 


MPD7a22X in-circult emulator kit for PLCC 
package 


IK-78K2-23XGC 


|tiPD7823X in-clrcult emulator kit for 80-pin QFP 
package 


IK-78K2-23XGJ 


l*PD7823X in-circult emulator kit for 94-pln QFP 
package 


IK-78K2-23XL 


fiPD7823X in-circuit emulator kit for PLCC 
package 



IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 
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Evaluation Boards 

for the pPD782XX Series 



Description 

The DDB-78K2 are evaluation boards for the NEC 
/nPD782XX eight-bit, single-chip microcomputers. The 
DDB-78K2 provides maximum flexibility when evaluating 
and designing with the ^PD782XX family of microcom- 
puters. Every DDB-78K2 features a /iPD78213, iaPD78220 
or jbiPD78233 microcomputer, 32K bytes of ROM, 32K 
bytes of RAM, iaPD27C512 footprint for 64K bytes of 
optional extended data memory, RS-232C communica- 
tion port, and a powerful monitor program. A playpen 
area is included for evaluating the /xPD782XX with appli- 
cation specific hardware. 

Features 

n /[iPD78213, iuPD78220, or iaPD78233 evaluation 
board 

- Convertible by changing microcomputer and 
firmware 

° On-board memory 

- ROM: 32K bytes 

- RAM: 32K bytes 

DDB-78K2 Evaluation Board 




n /[iPD27C512 footprint for 64K bytes of extended data 
memory 

° Powerful on-board debug monitor 

— Real-time and single-step operation 

— Display/change memory and Internal registers 

— Multiple software breakpoints 

— User program download capability 

D RS-232C serial interface for terminal or host 
computer 

° Playpen area for user circuitry 

n Includes AC/DC converter 

Ordering Information 

The DDB-78K2 evaluation boards are sold only as part of 
the following: 

• EK-78K2 evaluation kits 



u 
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DDB-78K2 Block Diagram 
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Hardware Description 

The DDB-78K2 features 64K bytes of on-board memory. 
The first 32K bytes are dedicated to ROM and include a 
powerful monitor program. The second 32K bytes are 
dedicated to RAM and can include a user area for user 
program downloading (28K bytes), interrupt and CALLT 
re-vector area (256 bytes), monitor work area (3.8K 
bytes), and the internal RAM and register area of the 
MPD78213, /HPD78220, or ^PD78233 (768 bytes). The 
DDB-78K2 contains a footprint for a user Installed 
iDtPD27C512 EPROM. This provides access to 64K bytes 
of extended data memory space (OFOOOOH to 
OFFFFFH). 

The microcomputer UART is connected to a DB25 pin 
connector through an RS-232C driver/receiver If the 
capabilities of the UART need to be evaluated, a jumper 
selectable option allows the clock-synchronized serial 
interface (SIO) to be used in place of the UART for 
communicating to a terminal or host computer. 

All the microcomputer pins are connected to wirewrap 
headers. This provides a convenient place for attaching 
oscilloscope probes for performing detailed signal anal- 
ysis or for connecting application specific hardware. 

A reset switch allows the DDB-78K2 to return to the 
power-up state without losing the contents of the exter- 
nal RAM. An NMI switch returns control from a user 
program to the monitor while saving the user's state. An 
AC/DC converter provides power to the DDB-78K2. 

Software Description 

Every DDB-78K2 has a powerful interactive monitor to 
facilitate software design for the itAPD782XX microcom- 
puter. A user program can be downloaded into user RAM 
and executed in real-time with or without breakpoints or 
executed one instruction at a time. During single- 
stepping, the registers, program counter, and the next 
instruction to be executed are displayed. 

The DDB-78K2 has nine address breakpoints. The user 
can set up to eight of these prior to program execution. 
The ninth breakpoint is reserved for use in the GO 
command iirm. The iiiuiiiLui ocLo a urcakpOnit by GLibst: 
tuting a software break instruction (opcode 5EH) for an 
Instruction in the user's program. 



Additional commands are available to: 

• Display, fill, change, or move memory 

• Display or change the general and special function 
registers 

• Disassemble memory 

• Display the command list 

• Initialize the interrupt and call table re-vector areas 

• Set the monitor's environment 

Table 1 contains a complete list of the DDB-78K2 monitor 
commands and their syntax. 



Tabic f . 


Command List 




Command 


Function 


Syntax 


?/H 


Print this summary of 
commands 


?orH 


B 


Show or set breakpoints 


B{bp}{,addr} 


C 


Change memory bytes 


C{{b:}addr}{,val} 


D 


Display memory bytes 


D{{b:}addr}{,addr} 


E 


Show or set environment 
variables 


E{var,val} 


F 


Fill memory bytes with 
value 


F{b:}addr,addr,val 


G 


Go (execute to 
breakpoint) 


G{addr}{,addr} 


1 Initialize interrupt & 1 
CALLT vectors 


K 


Kill breakpoint(s) 


K{bp} 


L 


Load HEX file into 
memory 


L{{b:}addr} 


M 


Move a block of memory 


M{b:}addr,addr,{b:}addr 


R 


Display/change registers 


R{s.}{reg{.val}} 


S 


Display/change special 
function registers 


S{sfr{,val}} 


T 


Trace execution (trace 
mode) 


T{addr} 


U 


Unassemble a block of 
memory 


U{addr}{,addr} 



11 



Notes: 

{^) SLOW = lO-Ull auu'icoo ill iicyv,c*vi'owIiri«I .'OriTiMt. 

(2) b = four-bit bank number in hexadecimal format (0 - FH). 

(3) bp = breakpoint number (0-7). 

(4) reg = general purpose register mnemonic. 

(5) s = register bank selector (0-3). 

(6) sfr = special function register mnemonic. 

(7) val = eight-bit value in hexadecimal notation. 

(8) var = environment variable mnemonic. 

(9) { } = optional parameter. 



9-41 



DDB-78K2 



HEC 



Documentation 

For further information on the DDB-78K2 Evaluation 
Board, NEC Electronics, Inc. provides the following man- 
ual: 

• DDB-78K2 ittPD782XX Evaluation Board User's Manual 

This manual is provided with the board. Additional cop- 
ies may be obtained from NEC Electronics Inc. 
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Description 

The EB-78210 is an evaluation board for the NEC 
fiPD78213 eight-bit, single-chip microcomputer. The EB- 
78210 provides a simple way to evaluate the capabilities 
of the ^PD78213 in an application without having to 
build a prototype. If It Is necessary to connect the 
EB-78210 directly to a target system, the IE-78210 emu- 
lator probes can be purchased separately. 

The EB-78210 features 32K bytes of static RAM for 
evaluation programs, an RS-232G communication port, 
and a powerful on-board monitor. Evaluation programs 
can be downloaded from a host computer or created 
directly on the board using the line assembler. Programs 
can be executed In real-time with or without breakpoints 
or one instruction at a time. Commands are available to 
display or change memory, general or special function 
registers, and to disassemble code. 

A controller program controls the EB-78210 directly from 
the console of an IBM PC®, PC/XT®, PC AT®, or com- 
patible host computer using an RS-232C serial Interface. 

Features 

° flPD782^^ evaluation board 

n 32K bytes of static RAM 

>=i Real-time and single-step execution 

° Four parallel or sequential breakpoints 

EB-78210 




n Display/change memory and general registers 

° Display/change special function registers 

° User program upload/download capability 

° Symbolic debugging support 

° Line assembler and disassembler 

° RS-232C serial interface for host computer 

n Host control software for IBM PC, PC/XT PC AT or 

compatibles 
° Connection to a target system using In-circuit 

emulator probes 

IBM PC, PC/XT and PC AT are registered trademarks of International 
Business Machines Corporation. 



Ordering Information 


Part Number 


Description 


EB-78210-PC 


jtiD78213 evaluation board (IBM PC Based) 


EP-78210CW-R 


Emulator probe for 64-pin shrink DIP package 
(optional) 


EP-78210GJ-R 


Emulator probe for 74-pin QFP (optional) 


EP-78210GQ-R 


Emulator probe for 64-pin QUIP package 
(optional) 


EP-78210L-R 


Emulator probe for 68-pin PLCC package 
(optional) 



II 
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Block Diagram 
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Hardware Description 

The EB-78210 features 32K bytes of on-board static 
RAM. It can be used without a target system or can be 
directly connected to a target system using one of the 
IE-78210 emulation probes. When the EB-78210 Is used 
without a target system, 28K bytes of RAM are available 
for downloading programs; the on-board monitor uses 
the remaining 4K bytes as a work area. When the EB- 
78210 is connected to a target system, 52K bytes of the 
/iPD78213's 64K-byte code space are mapped to the 
target system. The extended ftPD78213 data memory 
space (10000H to OFFFFFH) is also mapped to the 
target system. A memory extension command specifies 
the high-order four bits of the address of the external 
extended data memory for use in the memory display 
commands. 

The serial port for the host computer connection con- 
sists of a iLiPD71051 USART, an RS-232C driver/receiver, 
and a DB25 pin connector. A reset switch returns the 
EB-78210 to the power-up state. An AC/DC converter is 
shipped with each EB-78210 board for convenience. The 
EB-78210 can also be powered from batteries using the 
enclosed battery holder. 

Emulation 

The EB-78210 allows the following methods of program 
emulation: real-time program execution with or without 
breakpoints; real-time program execution for a specified 
number of instructions; single-step emulation for a spec- 
ified number of instructions or until a register condition 
is satisfied. The registers, stack pointer, program status 
word, and program counter are displayed following ter- 
mination of real-time emulation or during single-step 
emulation. The EB-78210 enters the single-step mode 
following a real-time emulation break. When the enter 
key is pressed during single-step emulation, the next 
instruction is executed and the executed address, in- 
struction mnemonic and above data are displayed. 

Emulation Accuracy 



When the emulation prooe is conntJULuu iu a iarg^t 
system, ports 0, 2, 3, 6, 7, and the A/D converter related 
signals are identical to the device. However, all other 
signals differ from the actual device because of buffering 
and control gating. 

Breakpoint Capabilities 

The EB-78210 has four parallel instruction address 
breakpoints or up to a four-level sequential instruction 
address breakpoint, if any one of the four parallel break- 
points is satisfied, a break in emulation occurs. For a 



sequential breakpoint, each address must be encoun- 
tered in the specified order before a break in emulation 
can occur. These breakpoints are set by substituting a 
software break instruction for an instruction in the user's 
program. 

Software Description 

The EB-78210 is controlled from the console of an IBM 
PC, PC/XT, PC AT, or compatible computer with an 
RS-232C Interface using the enclosed emulator control- 
ler program. This program provides commands for 
downloading and uploading object code and symbol 
files to and from the EB-78210. A line assembler and 
disassembler avoid debugging in machine code. The 
symbolic debugging commands allow the use of labels 
instead of absolute addresses. Full data manipulation 
capability is available with the change register/memory 
commands. Initialization commands allow the user to 
choose a base number, register mnemonics, and ex- 
tended data memory segment. 

The EB-78210 program also has macro command file 
capability, so the user can execute a defined set of 
commands automatically. The on-line help facility, his- 
tory command, and ability to store the console display 
on disk or send it to a printer ease debugging tasks. 

Table 1 lists the available EB-78210 commands. These 
are a subset of the IE-78210 commands. 



Table 1. 


Command List 


Command 


Function 


ASM 


Lin© assemble command 


BRS 


Sets instruction address breakpoints 


COM 


Creates command file 


DAS 


Disassemble command 


DIR 


Displays disl< directory 


EXP 


Clianges/di splays liigh-order four bits of an address of 
tlie externally extended data memory 


EXT 


Terminates EB-78210 controller program operation 


MiS 


DisDiavs last twenty commands 


HLP 


Displays format of commands 


LCD 


Loads object code and symbol files 


LST 


Sends console display to disk or printer 


MAP 


Di slays memory map 


MAT 


Evaluates arithmetic expression 


MDR 


Displays/modifies j*PD78213 mode registers 


MEM 


Memory manipulation command 


REG 


Displays/modifies |*PD78213 registers 



B 
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Command! Usi (cm^ 


Command 


Function 


RES 


Resets only the |itPD78213 


RGM 


Changes/displays the implied or general register mode 
for the display of registers in a disassembler list 


RUN 


Executes programs in single-step mode or In real-time 
with options for break conditions 


SAV 


Saves contents of memory onto dlsl< 


SPR 


Displays/modifies |[aPD78213 special function registers 


STR 


Automatically executes command string file 


SUF 


Base number specification (hex, octal, binary, 
decimal) 


SYM 


Adds/deietes/displays/changes/loads/saves symbols 


VRY 


Compares contents of an object file with memory 



Equipment Supplied 

The EB-78210-PC package consists of the following: 

• EB-78210 evaluation board 

• EB-78210 user's manual 

• System disk for IBM PC 

• AC/DC converter power supply 

• Battery holder and mounting hardware 

• Warranty policy and registration card 

Documentation 

For further Information on EB-78210 operation, NEC 
Electronics Inc. provides the following manual with the 
board: 

• EB-78210 /iiPD78213 Evaluation Board User's l\/lanual 

Additional copies may be obtained from NEC 
Electronics Inc. 
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Description 

The EB-78220 is an evaluation board for the NEC 
jitPD78220 eight-bit single-chip microcomputer. The EB- 
78220 provides a simple way to evaluate the capabilities 
of the /LiPD78220 in an application without having to 
build a prototype. If it is necessary to connect the 
EB-78220 directly to a target system, the IE-78220 emu- 
lator probes can be purchased separately. 

The EB-78220 features 32K bytes of static RAM for 
evaluation programs, an RS-232G communication port, 
and a powerful on-board monitor. Evaluation programs 
can be downloaded from a host computer or created 
directly on the board using the line assembler. Programs 
can be executed in real-time with or without breakpoints 
or one Instruction at a time. Commands are available to 
display or change memory, general or special function 
registers, and to disassemble your code. 

A controller program controls the EB-78220 directly from 
the console of an IBM PC®, PC/XT®, PC AT® or compat- 
ible host computer using an RS-232C serial interface. 

Features 

n ^PD78220 evaluation board 

a 32K bytes of static RAM 

n Real-time and single-step execution 

EB-78220 




° Four parallel or sequential breakpoints 

° Display/change memory and general registers 

° Display/change special function registers 

° User program upload/download capability 

° Symbolic debugging support 

° Line assembler and disassembler 

° RS-232C serial interface for host computer 

□ Host control software for IBM PC, PC/XT, PC AT, or 
compatibles 

n Connection to a target system using in-circuit 
emulator probes 

IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 



Ordering Information 


Part Number 


Description 


EB-78220 -PC 


|ttPD78220 evaluation board (IBM PC Based) 


EP-78220GJ-R 


Emulator probe for 94-pin QFP (optional) 


EP-78220L-R 


Emulator probe for 84-pin PLCC package 
(optional) 



m 
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Block Diagram 
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Hardware Description 

The EB-78220 features 32K bytes of on-board static 
RAM. It can be used without a target system or can be 
directly connected to a target system using one of the 
IE-78220 emulation probes. When the EB-78220 is used 
without a target system, 28K bytes of RAM are available 
for downloading programs; the on-board monitor uses 
the remaining 4K bytes as a work area. When the EB- 
78220 is connected to a target system, 52K bytes of the 
/itPD78220's 64K-byte code space are mapped to the 
target system. The extended itAPD78220 data memory 
space (10000H to OFFFFFH) is also mapped to the 
target system. A memory extension command specifies 
the high-order four bits of the address of the external 
extended data memory for use in the memory display 
commands. 

The serial port for the host computer connection con- 
sists of a ^PD71051 USART, an RS-232C driver/receiver, 
and a DB25 pin connector. A reset switch returns the 
EB-78220 to the power-up state. An AC/DC converter is 
shipped with each EB-78220 board for convenience. The 
EB-78220 can also be powered from batteries using the 
enclosed battery holder. 

Emulation 

The EB-78220 allows the following methods of program 
emulation: real-time program execution with or without 
breakpoints; real-time program execution for a specified 
number of instructions; single-step emulation for a spec- 
ified number of instructions or until a register condition 
is satisfied. The registers, stack pointer, program status 
word, and program counter are displayed following ter- 
mination of real-time emulation or during single-step 
emulation. The EB-78220 enters the single-step mode 
following a real-time emulation break. When the enter 
key is pressed during single-step emulation, the next 
instruction is executed and the executed address, in- 
struction mnemonic and above data are displayed. 

Emulation Accuracy 

When the emulation probe is connected to a target 
system, ports 0, 1, 2, 3, 6, 7 and the analog comparators 
are identical to the device. However, all other signals 
differ from the actual device because of buffering and 
control gating. 

Breakpoint Capabilities 

The EB-78220 has four parallel instruction address 
breakpoints or up to a four-level sequential instruction 
address breakpoint. If any one of the four parallel break- 
points is satisfied, a break in emulation occurs. For a 



sequential breakpoint, each address must be encoun- 
tered in the specified order before a break in emulation 
can occur. These breakpoints are set by substituting a 
software break instruction for an instruction in the user's 
program. 

Software Description 

The EB-78220 Is controlled from the console of an IBM 
PC, PC/XT, PC AT, or compatible computer with an 
RS-232C interface using the enclosed emulator control- 
ler program. This program provides commands for 
downloading and uploading object code and symbol 
files to and from the EB-78220. A line assembler and 
disassembler avoid debuggining in machine code. The 
symbolic debugging commands allow the use of labels 
instead of absolute addresses. Full data manipulation 
capability is available with the change register/memory 
commands. Initialization commands allow the user to 
choose a base number, register mnemonics, and ex- 
tended data memory segment. 

The EB-78220 program also has macro command file 
capability, so the user can execute a defined set of 
commands automatically. The on-line help facility, his- 
tory command, and ability to store the console display 
on disk or send it to a printer ease debugging tasks. 

Table 1 lists the available EB-78220 commands. These 
are a subset of the IE-78220 commands. 



Table 1, 


Command! Ust 


Command 


Function 


ASM 


Line assemble command 


BRS 


Sets instruction address breakpoints 


COM 


Creates command file 


DAS 


Disassemble command 


DIR 


Displays disk directory 


EXP 


Changes/displays high-order four bits of an address of 
the externally extended data memory 


EXT 


Terminates EB-78220 controller program operation 


HIS 
HLP 


Displays last twenty commands 
Displays format of commands 


LCD 


Loads object code and symbol files 


LST 


Sends console display to disk or printer 


MAP 


Di slays memory map 


MAT 


Evaluates arithmetic expression 


MDR 


Displays/modifies jnPD78220 mode registers 


MEM 


Memory manipulation command 


REG 


Displays/modifies /*PD78220 registers 


RES 


Resets only the jttPD78220 
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Table f . 


Command List (con^ 


Command 


Function 


RGM 


Changes/displays the implied or general register mode 
for the display of registers in a disassembler list 


RUN 


Executes programs in single-step mode or in real-time 
with options for break conditions 


SAV 


Saves contents of memory onto disk 


SPR 


Displays/modifies juPD78220 special function registers 


STR 


Automatically executes command string file 


SUF 


Base number specification (hex, octal, binary, 
decimal) 


SYM 


Adds/deletes/displays/changes/loads/saves symbols 


VRY 


Compares contents of an object file with memory 



Documentation 

For further information on EB-78220 operation, NEC 
Electronics Inc. provides tlie following manual with the 
board: 

• EB-78220 iLtPD78220 Evaluation Board User's Manual 

Additional copies may be obtained from NEC 
Electronics Inc. 



Equipment Supplied 

The EB-78220-PC package consists of the following: 

• EB-78220 evaluation board 

• EB-78220 user's manual 

• System disk for IBM PC 

• AC/DC converter power supply 

• Battery holder and mounting hardware 

• Warranty policy and registration card 
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IE-78210 
In-Circuit Emulator 



Description 

The IE-78210 is an in-circuit emulator providing both 
hardware emulation and software debugging capabili- 
ties for the NEC aPD78213 and mPD78214 single-chip 
microcomputers. Real-time and single-step emulation, 
Inconjunction with sophisticated memory mapping fea- 
tures, breakpoints, and trace capabilities, create a 
powerful debugging environment. A line assembler/ 
disassembler, full register and memory control, symbolic 
debugging, and complete upload/download capabilities 
simplify the task of debugging hardware and software. 

Features 

n Real-time and single-step emulation capability 

a User-specified breakpoints; logical OR of up to four 
sets of break conditions 

— Opcode fetch count 

— External sense clip condition 

— Parallel or sequential fetch address break 

— Logical AND of addresses, data values, CPU 
controls, and loop count 

1=1 Sophisticated trace capabilities 

— Traces program fetch or data access 

— 2K X 44-bit trace buffer 

— Address, control, data, and external signal trace 
features 

— Instruction or frame display 

— Trace search capability 

— Trace display before or after specified break 

IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business IVIaclnlnes Corporation. 



D Powerful memory mapping feature 

— 64K bytes of RAM mappable In 128-byte blocks 

— Up to 16K bytes of high-speed internal RAM for 
piPD78214 ROM emulation 

° Line assembler/disassembler 

n Symbolic debugging 

— 2,000 symbols available 

— IEEE-796 bus memory expansion slot for 32K 
additional symbols 

n CMOS latch-up warning and protection 

o Eight external sense clips on emulator probe 

° Stand-alone mode or system mode with host control 
program 
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Block Diagram 



IE-78210-R 



Emulator Probe 
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Ordering Information 


Part Number 


Description 


IE-78210-R 


In-clrcult emulator for |ttPD7821X 


EP.78210GW.R 


Emulator probe for 64-pln shrink DIP (optional) 


EP-78210GJ-R 


Emulator probe for 74-pln QFP (optional) 


EP-78210GQ-R 


Emulator probe for 64-pln QUIP (optional) 


EP-78210L.R 


Emulator probe for 68-pin PLCG (optlonaO 



Hardware Description 

As the IE-78210 block diagram shows, the IE-78210 
hardware consists of a control/trace module, driver mod- 
ule, target probe, external sensing clips, and inti^rcon- 
nectlng system bus. The control/trace module Includes 
the trace control unit, emulation memdry unit, break 
control unit, and latch-up alarm unit. This module also 
houses the emulation CPU, which directly connects to 
the target emulation probe. The driver module houses 
the serial interface circuit, control CPU, trace RAM, and 
system memory 

Memory Mapping 

The IE-78210 has a sophisticated memory mapping 
scheme which allows access of up to 64K bytes of 
internal memory, mappable in 128-byte units. The map 
command allocates the first 64K bytes of memory space 
of the emulation CPU either to the user system or to the 
IE system. Even if development of the target system Is 
not complete, software debugging Is still possible by 
using this Internal RAM In place of the target system 
RAM. In addition to this emulation memory, the IE-78210 
has an alternate high-speed memory for real-time 
emulation of the iaPD78214 internal ROM. 4K, 8K, 12K, or 
16K bytes of the high speed memory can be selected as 
Internal ROM. 



The extended data memory space of the emulation CPU 
(10000H to OFFFFFH) is always mapped to the user 
system. A memory extension command Is available to 
specify the high order four bits of the address of the 
external extended data memory for use in the memory 
display and break setting commands. 

Emulation 

The IE-78210 allows the following methods of program 
emulation: real-time program execution with or without 
breakpoints; real-time program execution for a specified 
number of Instructions; and single-step emulation for a 
specified number of Instructions or until a register con- 
dition is satisfied. Following termination of real-time 
emulation or during single-step emulation, the registers, 
stack pointer, program status word, and program 
counter are displayed. Following a real-time emulation 
break, the IE-78210 enters the single-step mode. Each 
time the enter key Is pressed during single-step emula- 
tion, the next smallest group of instructions is executed 
and the above data is displayed. 

Emulation Accuracy 

Once a breakpoint Is reached during emulation, the next 
few instructions are executed before breaking actually 
occurs. This is known as slip. The exact number of 
Instructions slipped depends on the Instructions In the 
prefetch queue and whether the emulation chip is ac- 
cessing internal ROM or external memory. Ports 4 
through 6 and the A/D converter related signals are 
Identical to the devices. However, other signals differ 
from the actual device due to buffering and control 
gating. 
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Breakpoint Capabilities 

The break function can be divided into two types: breal< 
register (physical and logical) breaks and fail-safe 
breaks. The user sets physical break registers to cause 
emulation breaks upon address, data, status or loop 
count; instruction count; parallel or sequential fetch 
addresses or matching a condition on an external sense 
clip. Combinations of these physical registers can then 
be set to the logical break registers and executed when 
running a break command. Fail-safe break conditions 
occur unconditionally and include manual break (ESC 
key or STP command in RUN N mode), non-mapped 
memory break, write-protected memory break, and SFR 
Illegal access break. 

Trace Capabilities 

The IE-78210 has a 2K x 44-bit trace RAM for storing 
emulation data from each machine cycle. All fetch- 
related or data access-related addresses, data, CPU 
status signals and the eight external sense clips can be 
traced for up to 2,047 machine cycles. There are two 
types of trace displays: frame mode and instruction 
mode. In the frame mode display, the frame number and 
type, address and data information and external sense 
clip status are displayed for each frame in the order in 
which they are traced. In instruction mode, the executed 
instructions are displayed with their frame number, in- 
struction address, mnemonics and operands. A number 
of trace display options are available. These include the 
display of all trace data, the display of only the frames 
meeting trace data search conditions, the display of five 
lines before or after frame meeting trace data search 
condition and the display of a specif led number of lines 
following detection of the specified break register 
condition. 

During real-time program emulation without break- 
points, the break condition can be used to stop the 
tracer a specified number of frames after the break 
condition is satisfied. At tracer stop time, the trace 
buffer can be viewed, new trace conditions set and the 
trace restarted while the program continues to execute 
in real-time. 

CI\/iOS Protection 

The latch-up alarm circuit is activated when any CIVIOS 
IC in the driver module is in danger of being damaged by 
improper voltage levels on the pins. A protection circuit 
isolates the power supply to CMOS ICs and the message 
"emulation CPU latchup!" is displayed. 



Utilities 

The upload/download commands provide easy loading 
and saving of hex files to and from a host computer. The 
on-board assembler/disassembler allows the user to 
avoid programming in machine code. The symbolic 
debugging commands allow the use of labels instead of 
absolute addresses. Full data manipulation capability Is 
available for the user with the change register/memory 
commands. Initialization commands allow the user to 
choose a clock source and a base number, and to define 
the system memory map. 

System Mode 

The IE-78210 can be connected to an IBM PC®, PC/XT®, 
PC AT®, or MD-086FD-10 by an RS232C port and oper- 
ated in system mode. By using the accompanying con- 
trol software, the debugging capabilities of the IE-78210 
are greatly increased. It has a macro command file 
capability, allowing the user to execute a defined set of 
commands automatically The on-line help facility, the 
history command, and the ability to store the console 
display on disk ease debugging tasks. The uploading/ 
downloading capability can be utilized to upload and 
download both object code and symbol information. 
Other advantages are a verify command that compares 
memory to hex files, an alter symbol command, and a 
termination command for exiting to the operating 
system. 

Table 1 lists commands available for both the stand- 
alone and system modes of the IE-78210. Commands 
listed in table 2 supplement table 1, but can only be used 
in the system mode. 



Table f . 


StamMione and System Mode 
Commands 


Command 


Function 


ASM 


Line assemble command 


BR? 


Changes/displays breakpoint register used for 
stopping real-time emulation 


CLK 


Clock command (internal or external) 


U/KH 


uisassemoie commana 


DLY 


Changes/displays trace frame count after trace 
trigger has been detected 


EXP 


Changes/displays high-order 4 bits of an address of 
the externally extended data memory 


LCD 


Loads hex format file into program memory 


MAP 


Memory mapping (64K bytes are accessible) 


MAT 


Performs arithmetic operation on an expression 


MDR 


Displays/modifies mode registers of emulator CPU 


MEM 


Memory manipulation command 
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Table I. 


SiantMlone and System Hkxle 
Coaunands (con9 


Command 


Function 


MOD 


Sets channel two mode setting 


MOV 


Moves memory content to different mapping area 


PGM 


Performs PG series programmer from IE 


REG 


Displays/modifies registers of emulator CPU 


RES 


Resets IE-78210 and/or emulator CPU 


RGM 


Changes/displays the Implied or general register 
mode for the display of registers in a disassembler 
list 


RUN 


Commences execution of emulator CPU in real- 
time with options for break conditions 


SAV 


Saves contents of hex memory onto 6\sk 


SPR 


Displays/modifies special registers of emulator 
CPU 


STP 


Stops emulation CPU during normal emulation 


SUF 


Base number specification (hex, octal, binary, 
decimal) 


SYM 


Clears, displays, or changes a symbol 


TRG 


Starts real-time tracer during normal emulation 


TR? 


Changes/display trace conditions for either real- 
time or single-step emulation 


VRY 


Compares contents of an object file with memory 
contents 


Tablez. 


Sysiem Mode Only Commands 


Commsnd 


Function 


COM 


Creates command file 


DIR 


Displays filenames 


EXT 


Terminates iE-^78210 operation 


HIS 


Displays last twenty commands 


HLP 


Displays command format 


LST 


Stores console display on disk 


STR 


Automatically executes macro command file 


SYM 


Loads and saves symbol file 



Equipment Supplied 

The IE-78210-R package consists of the following: 

• IE-78210 housing 

• IE-78210-R user's manuals 

• System disk for MD-086 series 

• System disk for IBM PC 

• AC power cable 

• AC ground adapter 

• Ground cable 

• Spare fuse 

• RS-232C interface cable 

• Two 16-pin component carriers 

• Warranty policy and registration card 

Basic Specifications 

• Weight: 10.5 kg 

• External dimensions: length, 395 mm; width, 291 mm; 
height, 217 mm 

• Power consumption: 100 V AC, 50/60 Hz, 5 A 

Environmentai Characteristics 

• Operating temperature range: 10 to +W0 

• Storage temperature range: -20 to +45^*0 

• Ambient humidity range: 10 to 90% relative humidity 

Documentation 

For further information on iE-78210 operation, NEC 
Electronics Inc. provides the following manuals with the 
in-circuit emulator: 

• IE-78210 ^PD7821X In-Circuit Emulator Hardware 
Manual 

• IE-78210 /XPD7821X In-Circuit Emulator Software 
Manual 

• IE78210 Controller Program User's Manual 
(IBM PC Based) 

Additional copies may be obtained from NEC 
Electronics Inc. 
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IE-78220 
In-Circuit Emulator 



Description 

The IE-78220 is an in-circuit emulator providing both 
hardware emulation and software debugging capabili- 
ties for the NEC i[iPD78220 and iLiPD78224 single-chip 
microcomputers. Real-time and single-step emulation, in 
conjunction with sophisticated memory mapping fea- 
tures, breakpoints and trace capabilities, create a 
powerful debugging environment. A line assembler/ 
disassembler, full register and memory control, symbolic 
debugging, and complete upload/download capabilities 
simplify the task of debugging hardware and software. 

Features 

° Real-time and single-step emulation capability 

a User-specified breakpoints; logical OR of up to four 
sets of break conditions 
~ Opcode fetch count 

— External sense clip condition 

— Parallel or sequential fetch address break 

— Logical AND of addresses, data values, CPU 
controls, and loop count 

IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporatiorl. 

IE-78220 




n Sophisticated trace capabilities 

— Traces program fetch or data access 

— 2K X 44-bit trace buffer 

— Address, control, data, and external signal trace 
features 

— Instruction or frame display 

— Trace search capability 

— Trace display before or after specified break 

n Powerful memory mapping feature 

— 64K bytes of RAM mappable In 128-byte blocks 

— Up to 16K bytes of high-speed Internal RAM for 
/LtPD78224 ROM emulation 

n Line assembler/disassembler 

n Symbolic debugging 

— 2,000 symbols available 

— IEEE-796 bus memory expansion slot for 32K 
additional symbols 

n CMOS latch-up warning and protection 

^ Eight external sense clips on emulator probe 

n Stand-alone mode or system mode with host control 
program 
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Block Diagram 
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Ordering Information 



Part Number 


Description 


IE-78220 -R 


In-circult emulator for iiiPD78220/78224 


EP-78220GJ-R 


Emulator probe for 94-p In QFP (optional) 


EP-78220L-R 


Emulator probe for 84-pin PLCC (ojjtional) 



Hardware Description 

As the IE-78220 block diagram shows, the IE-78220 
hardware consists of a control/trace module, driver mod- 
ule, target probe, external sensing clips, and intercon- 
necting system bus. The control/trace module includes 
the trace control unit, emulation memory unit, break 
control unit, and latch-up alarm unit. This module also 
houses the emulation CPU, which directly connects to 
the target emulation probe. The driver module houses 
the serial interface circuit, control CPU, trace RAM, and 
system memory. 

Memory Mapping 

The IE-78220 has a sophisticated memory mapping 
scheme which allows access to up to 64K bytes of 
internal memory, mappable in 128-byte units. The map 
command allocates the first 64K bytes of memory space 
of the emulation CPU either to the user system or to the 
IE system. Even If development of the target system is 
not complete, software debugging is still possible by 
using this internal RAM in place of the target system 
RAM. In addition to this emulation memory, the IE-78220 
has an alternate high-speed memory for real-time emu- 
lation of the i[iPD78224 internal ROM. 4K, 8K, 12K, or 16K 
bytes of the high speed memory may be selected as 
internal ROM. 



The extended data memory space of the emulation CPU 
(10000H to OFFFFFH) is always mapped to the user 
system. A memory extension command is available to 
specify the high order four bits of the address of the 
external extended data memory for use in the memory 
display and break setting commands. 

Emulation 

The IE-78220 allows the following methods of program 
emulation: real-time program execution with or without 
breakpoints; real-time program execution for a specified 
number of instructions; and single-step emulation for a 
specified number of instructions or until a register con- 
dition is satisfied. Following termination of real-time 
emulation or during single-step emulation, the registers, 
stack pointer, program status word, and program 
counter are displayed. Following a real-time emulation 
break, the IE-78220 enters the single-step mode. Each 
time the enter key is pressed during single-step emula- 
tion, the next smallest group of instructions is executed 
and the above data is displayed. 

Emulation Accuracy 

Once a breakpoint is reached, during emulation, the next 
several instructions are executed before breaking actu- 
ally occurs. This is known as slip. The exact number of 
instructions slipped depends on the instructions in the 
prefetch queue and whether the emulation chip is ac- 
cessing internal ROM or external memory. Ports 4, 5, 6, 
and the T related signals are identical to the devices. 
However, other signals differ from the actual device due 
to buffering and control gating. 
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Breakpoint Capabilities 

The break function can be divided into two types; break 
register (pliysical and logical) breaks, and fail-safe 
breaks. The user can set physical break registers to 
cause emulation breaks upon address, data, status, or 
loop count; instruction count; and parallel or sequential 
fetch addresses or matching a condition on an external 
sense clips. Combinations of these physical registers 
can then be set to the logical break registers and 
executed when running a break command. Fail-safe 
break conditions occur unconditionally and include 
manual break (ESC key or STP command in RUN N 
mode), non-mapped memory break, write-protected 
memory break, and SFR illegal access break. 

Trace Capabilities 

The IE-78220 has a 2K x 44-bit trace RAM for storing 
emulation data from each machine cycle. All fetch- 
related or data access-related addresses, data, CPU 
status signals and the eight external sense clips can be 
traced for up to 2,047 machine cycles. There are two 
types of trace displays: frame mode and instruction 
mode. In the frame mode display, the frame number and 
type, address and data information and external sense 
clip status are displayed for each frame in the order in 
which they are traced. In instruction mode, the executed 
instructions are displayed with their frame number, in- 
struction address, mnemonics and operands. A number 
of trace display options are available. These include the 
displaying of all trace data, the displaying of only frames 
meeting trace data search conditions, the displaying of 
five lines before or after frame meeting trace data search 
condition, and the displaying of a specified number of 
lines following detection of the specified break register 
condition. 

During real-time program emulation without break- 
points, the break condition can be used to stop the 
tracer a specified number of frames after the break 
condition i$ satisfied. At tracer stop time, the trace 

hi if for nan ho viowoH now trarA onnHitlnns; RAt and the 

trace restarted while the program continues to execute 
in real-time. 

CMOS Protection 

The latch-up alarm circuit is activated when any CMOS 
IC in the driver module is in danger of being damaged by 
improper voltage levels on the pins. A protection circuit 
isolates the power supply to CMOS ICs and the message 
"emulation CPU latchup !" is displayed. 



Utilities 

The upload/download commands provide easy loading 
and saving of hex files to and from a host computer. The 
on-board assembler/disassembler allows the user to 
avoid programming In machine code. The symbolic 
debugging commands allow the use of labels instead of 
absolute addresses. Full data manipulation capability is 
available for the user with the change register/memory 
commands. Initialization commands allow the user to 
choose a clock source and a base number, and to define 
the system memory map. 

System Mode 

The IE-78220 can be connected to an IBM PC®, PC/XT®, 
PC AT®, or MD-086FD-10 via an RS232C port and oper- 
ated in system mode. By using the accompanying con- 
trol software, the debugging capabilities of the IE-78220- 
R are greatly increased. It has a macro command file 
capability, allowing the user to execute a defined set of 
commands automatically The on-line help facility, the 
history command, and the ability to store the console 
display on disk ease debugging tasks. The uploading/ 
downloading capability can be utilized to upload and 
download both object code and symbol information. 
Other advantages are a verify command that compares 
memory to hex files, an alter symbol command, and a 
termination command for exiting to the operating 
system. 

Table 1 lists commands available for both the stand- 
alone and system modes of the IE-78220. Commands 
listed in table 2 supplement table 1, but can be used only 
in the system mode. 



Table 1, 


Stand-Alone and System Mode 
Commands 


Command 


Function 


ASM 


Line assemble command 


BR? 


Changes/displays breakpoint register used for 
stopping real-time emulation 


CLK 


Clock command (internal or external) 


t^rwj 


D;^«^iw;.-.:^:www.T..T.ar.j 


DLY 


Changes/displays trace frame count after trace trigger 
has been detected 


EXP 


Changes/displays high-order 4 bits of an address of 
the externally extended data memory 


LOD 


Loads hex format file into program memory 


MAP 


Memory mapping (64K bytes are accessible) 


MAT 


Performs arithmetic operation on an expression 


MDR 


Displays/modifies mode registers of emulator CPU 


MEM 


Memory manipulation command 
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Stand-Alone and System Mode 
Commands (conQ 


Command 


Function 


MOD 


Sets channel two mode setting 


MOV 


Moves memory content to different mapping area 


PGM 


Performs PG series programmer from IE 


REG 


Displays/modifies registers of emulator CPU 


RES 


Resets IE-78220 and/or emulator CPU 


RGM 


Changes/displays the implied or general register mode 
for the display of registers In a disassembler list 


RUN 


Commences execution of emulator CPU In real-time 
with options for break conditions 


SAV 


Saves contents of hex memory onto disk 


SPR 


Displays/modifies special registers of emulator CPU 


STP 


Stops emulation CPU during normal emulation 


SUF 


Base number specification (hex, octal, binary, 
decimal) 


SYM 


Clears, displays, or changes a symbol 


TRG 


Starts real-time tracer during normal emulation 


TR? 


Changes/displays trace conditions for either real-time 
or single-step emulation 


VRY 


Compares the contents of an object file with memory 
contents 


Table 2. 


System Mode Only Commands 


Command 


Function 


COM 


Creates command file 


DIR 


Displays file names 


EXT 


Terminates IE-78220 operation 


HIS 


Displays last twenty commands 


HLP 


Displays command format 


LST 


Stores console display on disk 


STR 


Automatically executes macro command file 


SYM 


Loads and saves symbol file 



Equipment Supplied 

The IE-78220-R package consists of the following: 

• IE-78220 housing 

• IE-78220-R user's manuals 

• System disk for MD-086 series 

• System disk for IBM PC 

• AC power cable 

• AC ground adapter 

• Ground cable 

• Spare fuse 

• RS-232C interface cable 

• Two 16-pin component carriers 

• Warranty policy and registration card 

Basic Specifications 

• Weight: 10.5 kg 

• External dimensions: length, 395 mm; width, 291 mm; 
height, 217 mm 

• Power consumption: 100 V AC, 50/60 Hz, 5 A 

Environmental Characteristics 

• Operating temperature range: 10 to +40oC 

• Storage temperature range: -20 to +45oC 

• Ambient humidity range: 10 to 90% relative humidity 

Documentation 

For further information on the IE-78220 operation, NEC 
Electronics Inc. provides the following manuals with the 
in-circuit emulator: 

• IE-78220 /[4PD7822X In-Circuit Emulator Hardware 
Manual 

• IE-78220 ^PD7822X In-Circuit Emulator Software 
Manual 

• IE78220 Controller Program User's Manual 
(IBM PC Based) 

Additional copies may be obtained from NEC 
Electronics Inc. 
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CC782XX 

C Compiler Package 

for the PPD782XX Series 



Description 

The CC782XX compiler package for the NEC 
mPD782XX microcomputers consists of an Kernighan 
and Ritchie compatible cross compiler (CC210), relo- 
catable assembler (RA210), linker (LK210), librarian 
(I-B210), locater (LC210). and an emulator controller 
program. The CC782XX compiler package is available 
for use on an MS-DOS® system with a free-standing 
system as the target (embedded system). 

Features 

a Kernighan and Ritchie standard 

— unsigned, enum, typedef, interrupt keywords 

— extern, auto, static, register keywords 

o Legal C code verification integrated into the 
compiler 

a User-selectable and directable output files, list and 
full cross reference files 

a Macro definitions 

a Branch optimization 

a Conditional assembly 

a Simple diagnostics 

a Powerful librarian 

Ordering information 



Part Number 



System Description 



CCMSD-I5DD-782XX MS-DOS 



5-1/4 Inch double-density floppy 
diskette 



C CROSS COMPILER (CC210) 

Description 

The CC210 C cross compiler converts standard C 
source code into relocatable object modules. The same 
relocatable object format is used for ail relocatable 

UUjtJUi. riies III Liic; \^ i>uiii|jiici paoivayc;, icQaiuicoo Oi fiGvV 

it is generated (by an assembler or compiler). 



Compiier Options 

The CC210 C compiler supports the following options 
during compilation: 

• Integer size control 

• Include file control 

• Defining/undefining constants 

• Prologue/epilogue control 

• Forced stack checking before each C function 

• Packed data allocation 

• Special relocatable data segment 

• Microprocessor type 

Library Functions 

The CC210 C Compiler library Includes most of the 
important C library functions that apply to PROM-based 
embedded systems. All library functions reside in the 
supplied library files. Header files that declare the set of 
library functions are also included. 

The following character operation macros are available: 

CHARACTER HANDLING <ctype.h> 

Classification macros: 

isalnum isalpha isascii iscntrl isdigit isgraph 
islower isprint ispunct isspace isupper isxdigit 

Conversion macros: 

toascii tolower toupper 
The following library functions are available: 
NON-LOGICAL JUMPS < setjmp.h > 

longjmp setjmp 
FORMATTED INPUT/OUTPUT <stdio.h> 

sscanf sprintf 

rSCKtrTDKIi 11X11 ITICO 

crto (startup for C programs) 
cipt (interrupt system support) 
chkstk (check for stack overflow) 



MS-DOS Is a registered trademark of Microsoft Corporation. 
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STRING HANDLING <strlng.h> 

strcat strchr strcmp strcpy strcspn strlen strncat 
strncmp strncpy strpbrk strrchr strspn strtok 

MATHEMATICS 

absatolatol 

Memory Models 

CC210 supports only the small memory model, since the 
^PD782XX series can only address a maximum of 64K 
bytes of program memory 

RELOCATABLE ASSEMBLER (RA210) 

Description 

RA210 translates a symbolic source module into a relo- 
catable object module. The assembler verifies that each 
instruction is valid for the target J14PD782XX microcom- 
puter and produces a listing file and a relocatable object 
module. 

Character constants are translated into seven-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +,-,*,/, MOD, OR, AND, 
NOT, XOR, EG, NE, LT, LE, GT, GE, SHR, SHL, LOV« 
HIGH, ., (), and character constants. 

Macro Capabiiity 

RA210 allows the definition of macro code sequences 
with up to five parameters, LOCAL symbols, and special 
repeated code sequences. The macro code sequence 
differs from a subroutine call because the invocation of 
a macro In the source code results in the direct replace- 
ment of the macro call with the defined code sequence. 

Assembler Directives 

Assembler directives give instructions to the assembler 
but are not translated into machine code during assem- 
bly Basic assembler directives include: storage definl^ 
tion and allocation directives (DB,DV\i[ DS, DBIT); symbol 
directives (EQU, SET); location counter control directive 
(ORG). Program control directives include: segment di- 
rectives (CSEG, CSEG FIXED, CSEG CALLT, DSEG, 
BSEG, ENDS); linkage directives (NAME, PUBLIC, EX- 
TRN, EXTBIT); macro directives (MACRO, LOCAL, 
REPT IRP, ENDM, EXITM); automatic BR instruction 
selection directive (BR) and assembly termination direc- 
tive (END). 



Assembler Controls 

There are two types of assembler controls available for 
RA210. Primary controls specified In the assembler 
command line or at the beginning of the source module, 
are as follows: 

• Processor selection 

• Output object file selection 

• Output list file selection 

• Listing format controls 

• Date specif ication 

• Optimization selection 

• WDrkf lie drive selection 

• Symbol letter case selection 

General controls, specified in the source program, are as 
follows: 

• 



Inclusion of other source files 
Page eject 

Generation/suppression of listing 
Listing subtitles 
Conditional assembly controls 



LINKER (LK210) 

LK210 combines multiple relocatable object modules 
and library modules and converts them into a single 
relocatable object module. The linker resolves PUBLIC/ 
EXTRN references between modules, creating a relocat- 
able output module that contains both relocatable object 
code and symbol information. The linker will also search 
library files for required modules to resolve external 
references. The linker controls for LK210 can be speci- 
fied in either the command line or in a parameter file. 
Linker options Include specifying the date and the abso- 
lute load module name, specifying the creation of a list 
file containing a link map, and specifying the letter case 
for symbols. 

LOCATER (LC210) 

LC210 converts a relocatable object module with no 
external references into an ASCII hexadecimal format 
absolute object code file. The locater outputs two files: 
an absolute load file in an expanded seven-bit ASCII 
hexadecimal format, which can be downloaded to a 
PROM programmer and a symbol file for the symbolic 
debugger. Locater options include specifying the start- 
ing address and order for code/data/stack segments, 
specifying areas of memory to be protected from being 
assigned, and specifying the creation of a map file with 
symbol tables. 



9-60 



SEC 



CC782XX 



LIBRARIAN (LB210) 

LB210 allows commonly used relocatable object mod- 
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When a library file is included in the input of the linker, the 
linker extracts from the library file only those modules 
required to resolve external references and links them 
with the other modules. 

The librarian creates and maintains library files contain- 
ing relocatable object modules. Modules can be added 
to or deleted from a library file, or th^ contents of the 
library file can be listed. 

EMULATOR CONTROLLER PROGRAM 

Absolute object files produced by the CC782XX C com- 
piler package can be debugged using the appropriate 
NEC stand-alone in-circuit emulator. NEC emulator con- 
troller programs allow you to communicate with the 
emulator through an RS-232C serial line. An emulator 
controller program is available to run on the IBM PC®, 
PC/XT®, or PC AT® under MS-DOS. The emulator con- 
troller program provides the following features: 

• Uploading/downloading of object/symbol files 

• Symbolic debugging capability 

• Complete emulator control from host console 

• On-line help facilities 

• Macro command file capabilities 

• Host system directory and file display 

• Disk storage of debug session 

• Storage of last 20 commands for recall 



IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 



LICENSE AGREEMENT 

CC782XX is ^old under terms of a license agreement, 
which is included with purchased copies of the assem- 
bler. The accompanying card must be completed and 
returned to NEC Electronics Inc. to register the license. 
Software updates are provided free to registered users 
for one year. 

DOCUMENTATION 

For further information on source program formats, C 
compiler and assembler operation, and actual program 
examples, NEC Electronics Inc. provides the following 
documentation: 

• CC78XXX C Compiler /iPD78XXX C Compiler 
User's Manual 

• CC78XXX C Compiler ^PD78XXX Relocatable 
Assembler User's Manual 

This documentation is provided with purchased copies 
of the package. Additional copies may be obtained from 
NEC Electronics Inc. 
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RA78K2 

Relocatable Assembler Package 

for the pPD782XX Series 



Description 

Tlie RA78K2 relocatable assembler package converts 
symbolic source code for the /iPD782XX eight-bit single- 
chip microcomputers into executable absolute address 
object code. The RA78K2 relocatable assembler package 
consists of four separate programs: assembler 
(RA78K2), linker (LK78K2), locater (LC78K2). and librar- 
ian (LB78K2). 

RA78K2 translates a symbolic source module into a 
relocatable object module. The assembler verifies that 
each instruction assembled is valid for the target micro- 
computer specified at assembly time and produces a 
listing file and a relocatable object module. 

LK78K2 combines multiple relocatable object modules 
and library modules and converts them into a single 
relocatable object module. LC78K2 converts a relocat- 
able object module with no external references into an 
ASCII hexadecimal format absolute object code file. 

LB78K2 allows commonly used relocatable object mod- 
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency 
When a library file is included in the input of the linker, the 
linker extracts from the library file only those modules 
required to resolve external references and links them 
with the other modules. 

Features 

n Absolute address object code output 

Q User selectable and directable output files 

D Macro definitions 

Q Branch optimization 

1=1 Conditional assembly 

D Extensive error reporting 

D Powerful librarian 

D Runs iinHer MS-DOS® and VAX® A/MS® nnfiratlnn 

systems 



Ordering Information 



Part Number 


System 


Description 


RA78K2-D52 


MS-DOS 


5-1/4 inch double-density floppy 
diskette 


RA78K2-VVT1 


VAX/VMS 


9-track 1600 BPI magnetic tape 



MS-DOS is a registered trademark of Microsoft Corporation. 
VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 



Program Syntax 

An RA78K2 source module consists of a series of code, 
data, or bit segments. Each segment consists of state- 
ments composed of up to four fields: symbol, mnemonic, 
operand, and comment. 

The symbol field may contain a label whose value is the 
Instruction or data address or a name which represents 
an instruction address, data address, or constant. The 
mnemonic field may contain an instruction or assembler 
directive. The operand field contains the data oi* expres- 
sion for the specified instruction or directive. The com- 
ment field allows explanatory comments to be added to 
a program. 

Character constants are translated into seven-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +,-,*, /, MOD, OR, AND, 
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW 
HIGH, ., ( ), and character constants. 

Macro Definition 

RA78K2 allows the definition of macro code sequences 
with up to five parameters, LOCAL symbols, and special 
repeated code sequences. The macro code sequence is 
different than a subroutine call in that the invocation of a 
macro in the source code results in the direct replace- 
ment of the macro call with the defined code sequence. 

Assembler Directives 

Assembler direciives give insiruciions lo ihe assembler 
but are not translated into machine code during assem- 
bly Basic assembler directives include: storage defini- 
tion and allocation directives (DB, DW, DS, DBIT); sym- 
bol directives (EQU, SET); and the location counter 
control directive ORG. Program control directives in- 
clude: segment directives (CSEG, DSEG, BSEG, ENDS); 
linkage directives (NAME, PUBLIC, EXTRN, EXTBIT); 
macro directives (MACRO, LOCAL, REPT, IRP, EXITM, 
ENDM); automatic BR instruction directive (BR); and 
assembly termination directive (END). 
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Assembler Controls 

TheRA78K2 assembler (figure 1) has two types of con- 
trols . The primary controls, which are specified in the 
assembler command line or at the beginning of the 
source module, are as follows: 

• Processor selection 

• Output object creation selection 

• Output list file selection 

• Listing format controls 

• Optimization selection 

• W3rk file drive specif ication 

The general controls, specified in the source program, 
are as follows: 

• Inclusion of other source files 

• Page eject 

• Generation/suppression of listing 

• Listing titles 

• Conditional assembly controls 

The listing file may contain the complete assembly 
listing or only lines with errors, and a symbol or cross- 
reference table. The symbol table shows all defined 
symbols In alphabetical order, their types, attributes, 
and the values initially assigned to them. 

The cross-reference table contains all defined symbols 
and the numbers of all statements that refer to them. The 
object file contains the relocatable object module. The 
format of this module is an NEC proprietary relocatable 
object module format. 

If the optimization option is chosen, the assembler will 
generate the most efficient code by converting, wher- 
ever possible, three-byte absolute branches into two- 
byte relative branches. 



F^ure I. Relocatable Assembler Functional 
Diagram 
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Linker 

The LK78K2 linker (figure 2) combines several relocat- 
able object modules, resolving PUBLIC/EXTRN refer- 
ences between modules, to create a relocatable output 
module. This output module contains both relocatable 
object code and symbol information. The linker will also 
search library files for required modules to resolve ex- 
ternal references. The linker controls for LK78K2 can be 
specified in either the command line or in a parameter 
file. The programmer can specify the date, the absolute 
load module name, and control the creation of a list file 
containing a link map. 



Figure 


2. Linker Functional Diagram 
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Locater 

The LC78K2 locater (figure 3), outputs two files: an 
absolute load file in an expanded hexadecimal format 
seven-bit ASCII, which can be downloaded to a PROM 
programmer; and a symbol file for the symbolic debug- 
ger. The programmer can specify the starting address 
and order for code/data/stack segments, and protect 
areas of memory from being assigned. The programmer 
can specify that a map file with symbol tables be 
created. 



Fig 


lire 3. 


Locater Functional Diagram 
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Librarian 

The LB78K2 librarian creates and maintains library files 
containing relocatable object modules. This reduces the 
number of files to be linked together by storing several 
modules in a single file. This provides an easy way to link 
frequently used modules into programs. Modules can be 



a/iric^rl tr\ Hesilol-oH frr\vv\ r\r r 



>.lo^Ari vAfSthin o liKrorv/ fllA r\r 



the contents of the library file can be listed. 

Operating Environment 

The NEC RA78K2 package can run under a variety of 
operating systems. A version is available to run on a 
MS-DOS system with one or more disk drives and at 
least 128K of system memory Another version is avail- 
able to run on a Digital Equipment Corporation VAX 
computer under the VMS (Version 4.1 or later) operating 
system. 



Emuiator Controlier Program 

Absolute object files produced by the RA78K2 relocat- 
able assembler package can be debugged by using the 
appropriate NEC stand-alone In-circult emulator. NEC 
emulator controller programs allows communication 
with the emulator through an RS-232C serial line. An 
emulator controller program can run on the IBM PC®, 
PC/XT®, or PC AT® under MS-DOS and Is provided with 
the In-circult emulator at no extra charge. 

These emulator controller programs provide the follow- 
ing features: 

• Uploading and downloading of object and symbol files 

• Symbolic debugging capability 

• Complete emulator control from host console 

• On-line help facilities 

• Macro command file capabilities 

• Host system directory and file display 

• Disk storage of debug session 

• Storage of last 20 commands for recall 

License Agreement 

RA78K2 is sold under terms of a license agreement, 
which is included with the assembler. The accompanying 
card must be completed and returned to NEC Electron- 
ics Inc. to register the license. Software updates are 
provided free to registered users. 

Documentation 

For further information on source program formats, 
assembler operation, and actual program examples, 
NEC Electronics Inc. provides the following documen- 
tation: 

• RA78K2 i[*PD782XX Relocatable Assembler Package 
Language Manual 

• RA78K2 i[*PD782XX Relocatable Assembler Package 
Operation Manual (MS-DOS) 

• RA78K2 jaPD782XX Relocatable Assembler Package 
Ooeration Manual NMS) 

This documentation is provided with purchased copies 
of the package. Additional copies may be obtained from 
NEC Electronics Inc. 



IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 
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ST78K2 

Structured Assembler Preprocessor 

for the pPD782XX Series 



Description 

The ST78K2 structured assembler preprocessor is a 
companion program to the RA78K2 relocatable assem- 
bler for the NEC /[aPD782XX series of microcomputers. 
ST78K2 converts a source code file containing struc- 
tured assembly statements into a pure assembly lan- 
guage source file, which can then be assembled with 
RA78K2. 

ST78K2 converts a structured assembly statement Into 
one or more ^PD782XX assembly language instructions 
which perform the desired operation. Since ST78K2 only 
converts the structured assembly statements and does 
not convert fxPD782XX assembly language instructions, 
a structured source program can include a combination 
of ^PD782XX structured assembly statements and as- 
sembly language. 

ST78K2 enables the assembly language programmer to 
use some of the structures and syntax of higher-level 
languages such as the language. This improves pro- 
gram readability and reliability, and increases program- 
mer productivity. 

Features 

° Control structures for conditions, looping, and 
switch-case 

° Preprocessor directives for conditional code 
generation 

n C-like representation of comparison operations 

n C-like representation of assignment/arithmetic 
operations 

° Increment and decrement operators 

n Allow use of all jiiPD782XX mnemonics, registers, 
and features 

n Runs under MS-DOS® and VAX®A/MS® operating 



Ordering Information 

The ST78K2 structured assembler preprocessor is in- 
cluded in the following software package at no cost: 

• RA78K2 jaPD782XX Relocatable Assembler Package 



Structured Assembler Preprocessor Functional 
Diagram 
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Summary Of Structured Language 

A line of source code for ST78K2 contains either a 
structured assembly statement or a )aPD782XX assembly 
language statement. iaPD782XX assembly language 
statements (juPD782XX instructions, RA78K2 directives, 
or RA78K2 controls) pass through ST78K2 without 
change. 

Structured assembly statements consist of preprocessor 
directives, assignment statements, and control state- 
ments. These statements are entered one per line, and 
are terminated by a line feed character An optional 
comment may follow a semicolon at the end of the 
statement; all text following a semicolon is ignored by 
ST78K2. 

Preprocessor directives cause ST78K2 to include or omit 
Dortions of code. Assianment statements cause ST78K2 
to generate one or more /xPD782XX assembly language 
instructions to alter the contents of a register or variable. 
Control statements cause ST78K2 to generate the nec- 
essary instructions to test conditions and change con- 
trol flow based on those conditions. 



MS-DOS is a registered trademark of IVlicrosoft Corporation. 
VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 
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Preprocessor Directives 

ST78K2 preprocessor directives set and test variables, 
allowing conditional processing of code; include exter- 
nal files; and map instructions to |iPD782XX CALT table 
reference Instructions. Table 1 lists the preprocessor 
directives and their functions. 

Tabic y. Preprocessor Directives and Functions 



Directive 


Function 


#define NAME value 


Defines the variable NAME, set to the 




supplied value. 


#ifclefABC 


If ABC has been defined as above, or on 


< statements > 


the command line with the -D option, the 


#else 


first set of statements is processed and 


< statements > 


the second set ignored; if ABC has not 


#endif 


been defined, or defined as zero, the first 




set of statements is ignored and the 




second set is processed. 


#include "filename" 


The named file is read from disk and 




processed as If included in the source. 


#defcallt ©LABEL 


Whenever the instruction "CALL llabel" is 


CALL Mabel 


encountered in the source program, it is 


#endcallt 


replaced by "CALLT [©LABEL]". The 




label must be defined in the CALLT table. 



Assignment, Increment, And Decrement 
Statements 

ST78K2 provides the ability to represent an assignment, 
or an assignment with an arithmetic operation, in C 
language syntax: 

destination < assign-op > source 

The assignment operators allow either simple assign- 
ment, or the combination of an assignment with an 
arithmetic operation on the source and destination. 

Examples: 

A = B ; Move contents of B register to A 

A + = [HL] ;Add contents of memory at HL to A, 
;store In A 

Where an assignment requires an intermediate register 
to hold the value being assigned, the register is desig- 
nated by naming it in parentheses following the assign- 
ment operation. 



Examples: 

DATA1 = B (A) ;Store contents of B into memory at 
;DATA1, using A as temporary 
;storage 

BC & = HL (XA) ;and BC with HL, store in BC, 
;use XA as temp 

The increment and decrement operators (+ f and ~) 
operate on a single operand. 

Table 2 lists the assignment operators with exampiles 
and functions. 



Tabic 2, 


Assignment Operators with Exampies 
and Functions 


operator 


Example 


Function 


= 


A = B 


A-B 


< - > 


A < - >B 


Contents of A and B are exchanged 


+ = 


A += B 


A *- A + B 


- = 


A-= B 


A*-A-B 


*_ 


AX*= B 


AX*-AX*B 


/= 


AX/= C 


AX*-AX/C 


& = 


A&= B 


A *- A & B (logical AND) 


1 = 


Al= B 


A *- A 1 B (logical OR) 


^= 


A"= B 


A*-A"B(logicalXOR) 


> > = 


A>>=B 


(CY-Ao.An.i-An Amax^O) x B times 


< < = 


A<<=B 


(CY*-Amax.An + i*-An,...Ao*-0) x B times 


+ + 


A+ + 


A <- A + 1 


-- 


A- 


A*-A-1 



Control Statements 

Control statements allow conditions to be tested. Based 
on the results of the test, blocks of code are allowed to 
be executed or skipped. Reserved words in the control 
statement define the start and end of blocks of code, and 
expressions to be evaluated. 
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Example: 

if (A = = [Hg) 
P5 = B (A) 
A=[HL] 

else 



Tabic 5. Expressions and Exampies 



;The condition is tested 

;lf A equals the content of memory 

;at HL, this code is executed 



A + = [HL] ;Otherwise this code is executed 
A- = B 
P5 = A 

endif 

Table 3 shows the control statements and their func- 
tions. 

Tabic 3. Controi Statement Directives 



Control Statement 




Function 


if - elseif - else - endif 




Test variable expressions 


if_bit - elseif_bit - else - 


endif 


Test bit expressions 


switch - case - default 


-ends 


Select based on variable 


for - next 




Loop, test variable 


while - endw 






repeat -until 






while_bit - endw 




Loop, test bit 


repeat -untiLbit 






break 




Exit control blocl< 


continue 




Skip to top of block 


goto LABEL 




Branch to label 



Variable And Bit Expressions 

Variable expressions for tests consist of a single value, 
comparison between two variables, or a logical combi- 
nation of comparisons. Bit expressions test individual 
bits. Table 4 shows examples of comparisons. 



Tabic 4. 


Exampies of Vbriabie Expression 
Comparisons 


Comparison iVIeaning 


if (A) 


True if A is non-zero 


if (A < B) 


True if A is less than B 


If ((A < B) && (A > C)) True if A is less than B and greater than C 


if_bit ( P3.2 ) 


True if bit 2 of P3 is 1 


if_bit (IP3.2 ) 


1 True if bit 2 of P3 is 



The allowable expressions using variables are shown in 
table 5. 



Expression 


Exampie 


Primary 


(A) 


Term 


(A<=B) 


Term && Term 


( (A<B) && (A>C) ) (logical AND) 


Term II Term 


( (A= = 0) II (A= = B) ) (logical OR) 



A primary value for a variable expression is a register 
name or defined symbol. A term consists of two primary 
values compared with a binary operator. Table 6 lists the 
supported binary operators and their meanings. 

Tabic 6. Binary Operators 



Binary Operator 


iVIeaning 


= = 


Equals 


1 = 


Not Equal 


> 


Greater Than 


> = 


Greater Than or Equal To 


< 


Less Than 


< = 


Less Than or Equal To 



Bit expressions test individual bits of registers, ports, or 
memory locations. Table 7 shows the acceptable forms 
of bit expressions. 



Tabic 7. Bit Expressions 


r and Exampies 


Bit Expression 


Example 


Bit_primary 


(P2.1) 


!Bit_primary 


(!CY) 


Bit_primary && Bit_primary 


(A.O&&CY) 


Blt_primary II Bil^primary 


(P2.2IICY) 



A Bit_primary can be either a reserved word bit identi- 
fier, such as a bit of a register or port (P2.1, CY), or a bit 
definition symbol (SBO EQU P2.2). 

ST78K2 Operation And Controls 

fiT78KP is Invoked by specifylno the name of the source 
file, followed by optional controls. 

Example: 

C>ST78K2ABC.SRC-DXYZ = 3 

ST78K2 reads the specified source file and produces an 
output assembly language file, which can be input to 
RA78K2. The output file contains all lines provided in the 
input source file, plus those generated by ST78K2. Lines 
containing no statements for the structured assembler 
are passed through unchanged. Lines with structured 
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assembly statements are placed in the output preceded 
by a semicolon. RA78K2 treats these lines as comments. 
These commented lines are then followed by the code 
generated by ST78K2. 

The controls for ST78K2 are specified in the preproces- 
sor command line or in a parameter file invoked in the 
command line. Table 8 lists the ST78K2 preprocessor 
controls and functions. 

Tables, ST78K2 Preprocessor Controls 



Control 


Function 


-Ofilename 


Specify name of output assembly source file 


-Ffilename 


specify name of parameter file to be read 


-Efilename 


specify name of error listing file 


-Dsymbol[= value] 


Define a symbol (like #define in code) 


-l[d:] [directory] 


Define path for include file 


-WTn1,n2,n3 


Define TAB settings for generated code 


-SCcharacter 


Defines word symbol last character 



The -0 option allows the name of the output file to be 
specified. If not specified, the output file name defaults 
to the name of the input source file with the extension 
.ASM. 

The -F option allows a parameter file to be specified, 
which will be read by ST78K2. This parameter file can 
contain a list of controls to be given to ST78K2, instead 
of or in addition to those specified on the command line. 

The -E option specifies the name of the error listing file. 
The error file contains the file name, error number, 
description of error and the line containing the error If 
the -E option is not specified, the error file name defaults 
to the name of the input source file with the extension 
.EST 

The -D control allows a symbol to be defined on the 
command line, with an optional value provided. If a 
symbol is defined but no value specified, the value 
defaults to 1. If the source file contains a #define 
directive which specifies a variable with the same name 
as the -D control, the value on the command line will 
override the value in the #deflne directive. 



The -I control specifies a drive or directory other than the 
current drive and directory to search for include files. 

The -WT control specifies the number of TAB characters 
to insert before labels, instruction mnemonics, and In- 
struction operands generated by ST78K2. This allows 
clear separation of assembly language instructions 
coded in the source file from those generated by 
ST78K2. 

The -SCcharacter control specifies the character used 
as the last character in a word symbol. The character 
must be a letter of the alphabet or the @, _ or ?. This 
allows ST78K2 to distingush between word and byte 
operations. Symbols which end in this character are 
treated as word symbols and will generate a word 
operation (ie. MOVW). If the -SC option is not specified, 
ST78K2 assumes that a symbol ending with the charac- 
ter "P" or "p" is a word symbol. 

Documentation 

For further information on source program formats, 
preprocessor operation, and actual program examples, 
NEC Electronics Inc. provides the following documen- 
tation. 

• St78K2/ST78K3 /iPD782xx/^PD783xx Structured As- 
sembler Preprocessor User's Manual. 

This documentation is provided with purchased copies 
of the RA78K2 /DtPD782xx relocatable assembler pack- 
age. Additional copies can be obtained from NEC Elec- 
tronics Inc. 
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Description 

The DDK-78310A is an evaluation board for the NEC 
/iPD78310A eight/sixteen-bit, single-chip microcom- 
puter. The DDK-78310A provides maximum flexibility 
when evaluating and designing with the jiiPD78310A. The 
DDK-78310A features 32K bytes of ROM, 32K bytes of 
RAM, RS-232C communication port, and a powerful 
monitor program. The DDK-78310A board is provided on 
an IBM PC® compatible card and includes a playpen 
area for building application specific hardware. 

A copy of RA78K3, the mPD7831X/mPD7832X relocatable 
assembler for use on an IBM PC®, PC/XT®. PC AT®, or 
compatible host computer, is shipped with each DDK- 
78310A to allow development of code for evaluation 
purposes. Also included with the DDK-78310A is a emu- 
lator controller program for the IBM PC, a small demon- 
stration program in ROM, the source code for the mon- 
itor, and a complete set of documentation. This total 
package provides a fast, efficient means for evaluating 
the capabilities of the juPO78310A for the user's 
application. 

IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 



DDK-78310A Evaluation Board 




Features 

n ^PD78310A evaluation board with power supply 

n On-board memory: 

— ROM: 32K-byte 

— RAM: 32K-byte 

n Powerful on-board debug monitor: 

— Real-time and single-step operation 

— Display/change memory and internal registers 

— Disassembler 

— Multiple software breakpoints 

— User program download capability 

n RS-232C serial interface for terminal or host 
computer 

° Playpen area for user circuitry 

° IBM PC card form factor 

n RA78K3 /uPD7831X/iuPD7832X relocatable assembler 
package 

n Host control software for IBM PC, PC/XT PC/AT or 
compatibles 

a Demonstration program in ROM 

° Source code for DDK-78310A monitor included 

Ordering Information 



Part Number 



Description 



DDK-78310A 



jaPD78310A evaluation board 
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Hardware Description 

The DDK-78310A features 64K bytes of on-board mem- 
ory. The lower 32K bytes are dedicated to ROM and 
include a powerful monitor program and user area. The 
upper 32K bytes are dedicated to RAM and include a user 
area for program downloading (7DFFH bytes), a monitor 
work area (7CFH bytes), and the internal RAM area of the 
^PD78310A(1FFH bytes). 

The iLiPD78310A serial port is connected by an RS-232C 
driver/receiver to a DB25 pin connector. A reset switch 
allows the DDK-78310A to return to the power-up state 
without losing the contents of the external RAM. An NMI 
switch returns control from a user program to the mon- 
itor while saving the user's state. 

An AC/DC converter provides power for the DDK-78310A 
in the stand-alone mode. The DDK-78310A can also 
receive power directly from the IBM PC bus. 

Software Description 

The DDK-78310A has a powerful Interactive monitor to 
facilitate software design using the ^PD78310A. A user 

Block Diagram 



program can be downloaded into user RAM and exe- 
cuted either in real-time with or without breakpoints or 
executed one instruction at a time. During single- 
stepping, the registers, program counter, and the next 
instruction to be executed are displayed. 

The DDK-78310A has eight address breakpoints. The 
user can set up to seven of these prior to program 
execution. The eighth breakpoint is reserved for use In 
the GO command line. The monitor sets a breakpoint by 
substituting a software break instruction (opcode 5EH) 
for an instruction in the user's program. 

Additional commands are available to: 

• Display, fill, change, or move memory 

• Display or change registers 

• Disassemble memory 

• Display the command list 

• Place the Interrupt vector and call table areas at OH or 
8000H 

Table 1 contains a complete list of the DDK-78310A 
monitor commands and their syntax. 
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Tabie 1. 


Command List 




Command 


Function 


Syntax 


?/H 


Show this menu of commands 


? 


B 


Show or set breakpoints 


B[bp,addr] 


C 


Change memory byte 


C[addr][,val] 


D 


Display memory 


D[addr][,addr] 


F 


Fill memory 


Faddr.addr.val 


G 


Go (to breakpoint) 


G[addr][,addr] 


1 Move interrupt vectors to/from 1 
8000H 


K 


Kill breakpoint(s) 


K[bp] 


L 


Load a HEX file on to the DDK- 
78310A 


L[addr] 


M 


Move a block of memory 


Maddr.addr.addr 


R 


Display/change registers 


R[reg] 


T 


Trace execution 


T[addr] 


U 


Unassemble a block of memory 


U[addr][.addr] 



Notes: 

(1) addr 

(2) bp = 

(3) reg = 

(4) va! = 

(5) [] = 



= 16-bit address in hexadecimal format. 

breakpoint number, 1-7. 
= general purpose or control register mnemonic. 

eight-bit value in hexadecimal notation, 
optional parameter. 



RA78K3 Relocatable Assembler Package 

The RA78K3 relocatable assembler package converts 
symbolic source code for the piPD7831X and /xPD7832X 
elght/sixteen-bit, single-chip microcomputers into exe- 
cutable absolute address object code. A copy of RA78K3 
is included with the DDK-78310A to use with an IBM PC, 
PC/XT, PC AT, or compatible. Evaluation programs for 
the ^PD78310A can be written easily with this software. 



Emulator Controller Program 

Absolute address object files produced by the RA78K3 
relocatable assembler package can be downloaded to 
the DDK-78310A using the NEC emulator controller pro- 
gram, supplied with the DDK-78310A. This controller 
program allows files to be downloaded from an IBM PC 
or compatible to the DDK-78310A board. In addition to 
downloading files, the NEC emulator controller program 
provides these additional capabilities: 

• Complete DDK-78310A control from host console 

• On-line help facilities 

• Host system directory and file display 

• Storage of debug session on disk 

License Agreement 

RA78K3 is provided under the terms of a license agree- 
ment included with the DDK-78310A board. The accom- 
panying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided to registered users. 

Documentation 

For further information on the DDK-78310A evaluation 
board, NEC Electronics Inc. provides the following 
manual: 

• DDK-78310A /aPD78310A Evaluation Board User's 
Manual 

This manual is provided with the board. Additional cop- 
ies can be obtained from NEC Electronics Inc. 
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for the pPD78320 



Description 

The EB-78320 is an evaluation board for the NEC 
/itPD78320 eight-bit, single-chip microcomputer The EB- 
78320 provides a simple way to evaluate the capabilities 
of the jaPD78320 in an application without having to 
build a prototype. If it is necessary to connect the 
EB-78320 directly to a target system, the IE-78320 emu- 
lator probes can be purchased separately. 

The EB-78320 features 32K bytes of static RAM for 
evaluation programs, an RS-232C communication port, 
and a powerful on-board monitor Evaluation programs 
can be downloaded from a host computer or created 
directly on the board using the line assembler Programs 
can be executed in real-time with or without breakpoints 
or one instruction at a time. Commands are available to 
display or change memory, general or special function 
registers, and to disassemble code. 

A controller program controls the EB-78320 directly from 
the console of an IBM PC®, PC/XT®, PC AT®, or com- 
patible host computer using an RS-232C serial Interface. 

Features 

n 7iPD78320 evaluation board 

□ 32K bytes of static RAM 

n Real-time and single-step execution 

EB-78320 




Four parallel or sequential breakpoints 

Display/change memory and general registers 

Display/change special function registers 

User program upload/download capability 

Symbolic debugging support 

Line assembler and disassembler 

RS-232C serial interface for host computer 

n Host control software for IBM PC, PC/XT PC AX or 
compatibles 

n Connection to a target system using in-circuit 
emulator probes 

IBM PC, PC/XT and PC AT are registered trademarks of International 
Business Machines Corporation. 

Ordering Information 



Part Number 


Description 


EB-78320 -PC 


]ttPD78320 evaluation board (IBM PC Based) 


EP-78320GJ-R 


Emulator probe for 74-pin QFP (optional) 


EP-78320L-R 


Emulator probe for 68-pin PLCC package 
(optional) 
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Block Diagram 
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Hardware Description 

The EB-78320 features 32K bytes of on-board static 
RAM. It can be used without a target system or can be 
directly connected to a target system using one of the 
IE-78320 emulation probes. When the EB-78320 is used 
without a target system, 28K bytes of RAM are available 
for downloading programs; the on-board monitor uses 
the remaining 4K bytes as a work area. When the EB- 
78320 Is connected to a target system, 52K bytes of the 
^PD78320's 64K-byte code space are mapped to the 
target system. 

The EB-78320 can be used to evaluate the Instruction 
execution speed of the /biPD78322's Internal ROM by 
Installing a ^iPD7'\P30^ turbo access manager in the 
footprint on the board. When using the fiPD71P301, the 
evaluation program is placed In the EPROM of the 
MPD71P301; the emulation function of the EB-78320 
board is not available. 

The serial port for the host computer connection con- 
sists of a fiPD71051 USART, an RS-232C driver/receiver 
and a DB25 pin connector A reset switch returns the 
EB-78320 to the power-up state. An ac/dc converter is 
shipped with each EB-78320 board for convenience. The 
EB-78320 can also be powered from batteries using the 
enclosed battery holder. 

Emulation 

The EB-78320 allows the following methods of program 
emulation: real-time program execution with or without 
breakpoints; real-time program execution for a specified 
number of Instructions; single-step emulation for a spec- 
ified number of Instructions or until a register condition 
is satisfied. The registers, stack pointer, program status 
word, and program counter are displayed following ter- 
mination of real-time emulation or during single-step 
emulation. The EB-78320 enters the single-step mode 
following a real-time emulation break. When the enter 
key Is pressed during single-step emulation, the next 
instruction is executed, and the executed address, in- 
struction mnemonic and above data are displayed. 

Emulation Accuracy 

When the emulation probe Is connected to a target 
system, ports 0, 2, 3, 7, and 8, the watchdog timer output 
and the A/D converter related signals are identical to the 
device. However, all other signals differ from the actual 
device because of buffering and control gating. 

Brealcpoint Capabilities 

The EB-78320 has four parallel instruction address 
breakpoints or up to a four-level sequential Instruction 



address breakpoint. If any one of the four parallel break- 
points Is satisfied, a break In emulation occurs. For a 
sequential breakpoint, each address must be encoun- 
tered In the specified order before a break in emulation 
can occur. These breakpoints are set by substituting a 
software break instruction for an instruction In the user's 
program. 

Software Description 

The EB-78320 is controlled from the console of an IBM 
PC, PC/XT, PC AT, or compatible computer with an 
RS-232C interface using the enclosed emulator control- 
ler program. This program provides commands for 
downloading and uploading object code and symbol 
files to and from the EB-78320. A line assembler and 
disassembler avoid debugging in machine dode. The 
symbolic debugging commands allow the use of labels 
Instead of absolute addresses. Full data manipulation 
capability is available with the change register/memory 
commands. Initialization commands choose a base 
number and register mnemonics. 

The EB-78320 program also has macro command file 
capability, so the user can execute a defined set of 
commands automatically. The on-line help facility, his- 
tory command, and ability to store the console display 
on disk or send It to a printer ease debugging tasks. 

Table 1 lists the available EB-78320 commands. These 
are a subset of the IE-78320 commands. 



Table 1. 


Command Ust 


Command 


Function 


ASM 


Line assemble command 


BRS 


Sets instruction address breakpoints 


COM 


Creates command file 


DAS 


Disassemble command 


DIR 


Displays disk directory 


EXT 


Terminates EB-78320 controller program operation 


HIS 


Displays last twenty commands 


i!Lr 


— .W, J,_ 


LOD 


Loads object code and symbol flies 


LST 


Sends console display to disk or printer 


MAP 


Di slays memory map 


MAT 


Evaluates arithmetic expression 


MDR 


Displays/modifies i[iPD78320 mode registers 


MEM 


Memory manipulation command 


REG 


Displays/modifies jiiPD78320 registers 


RES 


Resets only the mPD78320 



El 
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Table /. 


Command List (conp 


Command 


Function 


RUN 


Executes programs in single-step mode or in real-time 
with options for breal< conditions 


SAV 


Saves contents of memory onto disk 


SPR 


Displays/modifies juPD78320 special function registers 


STR 


Automatically executes command string file 


SUF 


Base number specification (hex, octal, binary, 
decimal) 


SYM 


Adds/deietes/di splays/changes/loads/saves symbols 


VRY 


Compares contents of an object file with memory 



Equipment Supplied 

The EB-78320-PC package consists of the following: 

• EB-78320 evaluation board 

• EB-78320 user's manual 

• System disk for IBM PC 

• AC/DC converter power supply 

• Battery holder and mounting hardware 

• Warranty policy and registration card 

Documentation 

For further Information on EB-78320 operation, NEC 
Electronics Inc. provides the following manual with the 
board: 

• EB-78320 MPD78320 Evaluation Board User's Manual 

Additional copies may be obtained from NEC 
Electronics Inc. 
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IE-78310A 
In-Circuit Emulator 



Description 

The IE-78310A is an in-circuit emulator providing botli 
hardware emulation and software debugging capabili- 
ties for the NEC jiiPD78310A and ;4PD78312A single-chip 
microcomputers. Real-time and single-step emulation, in 
conjunction with sophisticated memory mapping fea- 
tures, breakpoints, and trace capabilities, create a pow- 
erful debugging environment. A line assembler/disas- 
sembler, full register and memory control, symbolic 
debugging, and complete upload/download capabilities 
simplify the task of debugging hardware and software. 

Features 

Real-time and single-step emulation capability 

a User-specified breakpoints 

~ Logical OR of up to four sets of break conditions 
Opcode fetch count 
External sense clips condition 
Emulation time 

Logical AND of addresses, data values, CPU 
controls, and loop count 

1=1 Sophisticated trace capabilities 

— Instruction, frame, or macro service display 

— 2K X 44-bit trace buffer 

— Address, control, data, and port trace features 

n Powerful memory mapping feature 

— 64K bytes of RAM mappable in 256-byte blocks 

rE-78310A with Emulator Probe 




— Up to 16K bytes of high-speed internal RAM for 
i^PD7831 2A ROM emulation 

i=> Line assembler/disassembler 

° Symbolic debugging 

— 2,000 symbols available 

— IEEE-796 bus memory expansion slot for 32K 
additional symbols 

° CMOS latch-up warning and protection 

° Eight external sense clips 

D Self-diagnostic command 

^ Stand-alone mode or system mode with host control 
program 



Ordering Information 


Part Number 


Description 


IE-78310A-R 


In-circuit emulator for jnPD78310A/MPD78312A 


EP-78310CW 


Emulator probe for 64-pln shrink DIP 
package(shipped with IE-78310A) 


EP-78310GQ 


Emulator probe for 64-pln QUIP 
package(shlppeci with IE-78310A) 


EP-78310L 


Emulator probe for 68-pin PLCC package 
(optional) 


EP-78310GF 


Emulator probe for 64-pin QFP package 
(optional) 
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Hardware Description 

As the IE-78310A block diagram shows, the iE-78310A 
hardware consists of a control/trace module, driver mod- 
ule, target probe, external sense clips, and interconnect- 
ing system bus. The controlArace module includes the 
trace control unit, emulation memory unit, self- 
diagnostic unit, break control unit, and latch-up alarm 
unit. This module also houses the emulation CPU, which 
is directly connected to the target emulation probe. The 
driver module houses the serial interface circuit, control 
CPU, trace RAM, and system memory. 

Memory Mapping 

The IE-78310A has a sophisticated memory mapping 
scheme which allows access of up to 64K bytes of 
internal memory, mappable in 256-byte units. The map 
command allocates the memory space of the emulation 
CPU either to the user system or to the IE system. Even 
if development of the target system is not complete, 
software debugging is still possible by using this inter- 
nal RAM In place of the target system RAM. In addition to 
this emulation nriemory, the IE-78310A has an alternate 
high-speed memory for real-time emulation of the 
flPD783^2^ internal ROM. 0, 4K, 8K, or 16K bytes of the 
high speed memory can be selected as internal ROM. 

Biocic Diagram 



Emuiation 

The IE-78310A allows the following methods of program 
emulation: real-time program execution with or without 
breakpoints; real-time program execution for a specified 
number of instructions; and single-step emulation for a 
specified number of instructions or until a register con- 
dition is satisfied. Following termination of real-time 
emulation or during single-step emulation, the registers, 
stack pointer, program status word, and program 
counter are displayed. Following a real-time emuiation 
break, the IE-78310A enters the single-step mode. Each 
time the space bar is pressed during single-step emula- 
tion, the next smallest group of instructions is executed 
and the above data is displayed. 

Emulation Accuracy 

Once a breakpoint is reached during emulation, the next 
few instructions are executed before breaking actually 
occurs. This is known as slip. The exact number of 
instructions slipped depends on the instructions in the 
prefetch queue and whether the emulation chip is ac- 
cessing internal ROM or external memory Ports 0, 2, 3, 
the A/D, and the refresh signals are identical to the 
mPD78310A//*PD78312A. However, other signals differ 
from the actual device due to buffering and control 
gating. 
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Self-Diagnostics 

A self-diagnostic command monitors tlie IE-78310A for 
error-free operation. It checks alternate RAM, user RAM, 
address/data bus, the 64-pin probe, the emulation chip 
(including all port lines), and both the EA/Vpp and reset 
lines. 

Brealcpoint Capabiiities 

The break function can be divided into three types: break 
register (physical and logical) breaks, command breaks, 
and fail-safe breaks. The user sets physical break regis- 
ters to cause emulation breaks upon address, data, 
status or loop count; instruction count; timer (1 to 
65,535 ms range) or matching a set of conditions on the 
eight external sense clips. Combinations of these phys- 
ical registers can then be set to the logical break regis- 
ters and executed when running a break command. 
Command breaks are set in the emulation command and 
can cause emulation breaks after a specified number of 
steps are executed or a register condition is satisfied. 
Riil-safe break conditions occur unconditionally and 
include manual break (ESC key), non-mapped memory 
break, write-protected memory break, and reset break. 

Trace Capabiiities 

The IE-78310A has a 2K x 44-bit trace RAM for storing 
emulation data from each machine cycle. Given a user- 
specified range, trace can be performed upon address, 
data, frame status signals (RD, WR, MSRD, MSWR, OP, 
M1), ports PO to P5, and the eight external sense clips 
for up to 2,047 machine cycles. There are three types of 
trace displays: frame mode, macro service mode, and 
instruction mode. In frame mode display, the frame 
number and type, address and data information and port 
and external sense clip status are displayed for each 
frame in the order in which they are traced. In instruction 
mode, the executed instructions are displayed with their 
frame number, instruction address, mnemonics and op- 
erands. In macro service mode, reads/writes of the 
macro service routines are added into the instruction 
mode display. 

CI\/IOS Protection 

The latch-up alarm circuit is activated when any CMOS 
IC in the driver module is in danger of being damaged by 
Improper voltage levels on the pins. A protection circuit 
isolates the power supply to CMOS ICs and the message 
"emulation CPU latchup !" is displayed. 



Utilities 

The upload/download commands provide easy loading 
and saving of hex files to and from a host computer. The 
on-board assembler/disassembler allows the user to 
avoid programming in machine code. The symbolic 
debugging commands allow the use of labels instead of 
absolute addresses. Full data manipulation capability is 
available for the user with the change register/memory 
commands. Initialization commands allow the user to 
choose a clock source and a base number, and to define 
the system memory map. 

System Mode 

The IE-78310A can be connected to an IBM PC®, 
PC/XT®, PC AT®, or MD-086FD-10 by am RS232C port 
and operated In system mode. By using the accompa- 
nying control software, the debugging capabilities of the 
IE-78310A-R are greatly increased. It has a macro com- 
mand file capability, allowing the user to execute a 
defined set of commands automatically. The on-line help 
facility, the history command, and the ability to store the 
console display on disk ease debugging tasks. The 
uploading/downloading capability can be utilized to up- 
load and download both object code and symbol Infor- 
mation. Other advantages are a verify command that 
compares memory to hex files, an alter symbol com- 
mand, and a termination command for exiting to the 
operating system. 

Table 1 lists commands available for both the stand- 
alone and system modes of the IE-78310A. Commands 
listed In table 2 supplement table 1, but can only be used 
in the system mode. 



IBM PC, PC/XT, and PC AT are registered trademarks of International 
Business Machines Corporation. 



9-81 



IE-78310A 



SEC 



Table I. 


SiandMlone and System Mode 
Commands 


Command 


Function 


ASM 


Line assemble command 


BR? 


Changes/displays breakpoint register used for 
stopping real-time emulation 


CLK 


Glocl( command (internal or external) 


DAS 


Disassemble command 


DIG 


Self-diagnostic command 


LOD 


Loads hex format file Into program memory 


MAP 


Memory mapping (64K bytes are accessible) 


MDR 


Displays/modifies mode registers of emulator CPU 


MEM 


Memory manipulation command 


MOD 


Sets channel two mode setting 


MOV 


Moves memory content to different mapping area 


REG 


Displays/modifies registers of emulator CPU 


RES 


Resets IE-78310A and/or emulator CPU 


RUN 


Commences execution of emulator CPU in real-time 
with options for brealc conditions 


SAV 


Saves contents of hex memory onto disl< 


SPR 


Displays/modifies special registers of emulator CPU 


SUF 


Base number specification (hex, octal, binary, 
decimal) 


SYM 


Clears, displays, or changes a symbol 


TR? 


Changes/displays trace conditions for either real-time 
or single-step emulation 


VRY 


Compares memory and hex files 


Tables, 


Sysiem Mode Only Commands 


Command 


Function 


COM 


Creates command file 


DiR 


Displays filenames 


EXT 


Terminates IE-78310A controller program operation 


HIS 


Displays last twenty commands 


HLP 


Displays command format 


LST 


Stores console display on disk 


STR 


Automatically executes macro command file 


SYM 


Loads and saves symbol file 



Target probe unit for 64-pin QUIP socket 

(EP-78310GQ) 

External sense clips 

IE-78310A-R user's manuals 

System disk for MD-086 series 

System disk for IBM PC 

AC power cable 

AC ground adapter 

Ground cable 

Spare fuse 

RS-232C Interface cable 

Two 16-pin component carriers 

Warranty policy and registration card 



Basic Specifications 

• WBight: 10.5 kg 

• External dimensions: length, 395 mm; width, 291 mm; 
height, 217 mm 

• Power consumption: 100 V AC, 50/60 Hz, 5 A 

Environmentai Ciiaracteristlcs 

• Operating temperature range: 10 to +40**C 

• Storage temperature range: -20 to +45''C 

• Ambient humidity range: 10 to 90% relative humidity 

Documentation 

For further information on iE-78310A operation, NEC 
Electronics inc. provides the following manuals with the 
in-circuit emulator: 

• IE-78310A /APD7831XA in-Circuit Emulator Hardware 
User's Manual 

• IE-78310A /xPD7831XA In-Circuit Emulator Software 
User's Manual 

• IE78310A Controller Manual (IBM PC Based) 

• iE-78310A Sample Session (IBM PC Based) 

Additional copies may be obtained from NEC 
Electronics Inc. 



Equipment Suppiied 

The IE-78310A-R package consists of the following: 

• IE-78310A housing 

• Target probe cable 

• Target probe unit for 64-pin shrink DIP socket 
(EP-78310CW) 
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IE-78320 
In-Circuit Emulator 



Description 

The IE-78320 Is an in-circult emulator providing both 
hardware emulation and software debugging capabili- 
ties for the NEC /aPD78320 and piPD78322 single-chip 
microcomputers. Real-time and single-step emulation, 
combined with sophisticated memory mapping features, 
breakpoints and trace capabilities, create a powerful 
debugging environment. A line assembler and disassem- 
bler, full register and memory control, symbolic debug- 
ging, and complete upload/download capabilities sim- 
plify the task of debugging hardware and software. 

Features 

D Real-time and non-real-time emulation 

n User-specified breakpoints 

— Logical OR of up to four sets of break conditions 

— Executed Instruction count 

— External sense clip number one condition 

— Parallel or sequential instruction address break 

— Logical AND of addresses, data values, CPU 
status, loop count, and external sense clip data 
for either the main or Internal CPU bus 

MS-DOS is a registered trademark of Microsoft Corporation. 

IBM PC, PC/XT, and PC AT are registered trademarl<s of International 

Business Machines Corporation. 

[E-78320 
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° Sophisticated trace capabilities 

— Traces main and Internal CPU bus activity or 
main bus and external sense clip activity 

— 2K X 44-bit trace buffer 

— Instruction, instruction with macro service, or 
frame display 

— Trace search capability 

— Trace display before or after specified break 

° Powerful memory mapping 

— Up to 56K bytes of RAM for Internal ROM, turbo 
access manager memory, or off-chip memory 
emulation 

— Mappable in 8K-byte blocks 

° Emulation timer and Instruction counter 
D Line assembler/disassembler 

° Symbolic debugging 

— 7,000 symbols available 

° CMOS latch-up warning and protection 

D Eight external sense clips on emulator probe 

° Stand-alone or system mode with host control 
program 

D Centronics parallel Interface for optional high-speed 
download 
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Ordering Information 



Part Number 



Description 



IE-78320 -R 



In-circuit emulator for mPD78320 and jaPD78322 



EP-78320GJ-R 



Emulator probe for 74-pin QFP (optional) 



EP-78320L-R 



Emulator probe for 68-pln PLCC package 
(optional) 



Hardware Description 

The IE-78320 hardware consists of a control/trace mod- 
ule, driver module, target probe, external sense clips, 
and the interconnecting system bus. The control/trace 
module includes the trace control unit, emulation mem- 
ory unit, break control unit, and the latch-up alarm unit. 
The control/trace module also houses the emulation 
CPU, which is connected directly to the target emulation 
probe. The driver module houses the serial and parallel 
interface circuits, trace RAM, control CPU, and system 
memory. 

Memory Mapping 

The IE-78320 incorporates a sophisticated memory 
mapping scheme which allows the 64K bytes of micro- 
computer memory space to be mapped to internal or 
external memory in 8K-byte units. Even if development of 
the target system is not complete, software debugging is 
possible by using internal RAM in place of the target 
system RAM or ROM. 

The first 56K bytes of memory space can be emulated in 
the in-circuit emulator as internal on-chip ROM, turbo 
access manager (jLtPD71P301) memory, off-chip memory 
(RAM) or write-protected off-chip memory (ROM); it can 
be mapped to the user system; it can be left unmapped. 
The remaining 8K bytes of memory space excluding the 
on-chip internal RAM and special function register area 
can be mapped to the user system or be left unmapped. 



Emulation 

The IE-78320 allows the following methods of program 
emulation: real-time program execution with or without 
breakpoints; non-real-time program execution for a 
specified number of instructions or until a register con- 
dition is satisfied. During non-real-time program execu- 
tion, the display and trace of procedures at a nesting 
level deeper than the routine from which execution was 
started is optional. During non-real-time emulation, each 
executed instruction is displayed with its frame number 
and bus cycle status, instruction address, data, label, 
mnemonic, and operands. Display of the registers is 
optional and can be specified by the user. 

Following termination of real-time program emulation, 
the elapsed emulation time, number of instructions exe- 
cuted, and the registers (general registers, stack pointer, 
program counter, and program status word) are dis- 
played and the IE-78320 enters single-step emulation 
mode. Following termination of non-real-time program 
emulation, the IE-78320 enters the single-step emulation 
mode. Each time the enter key is pressed during single- 
step emulation, the next instruction is executed and its 
frame number and bus cycle status, instruction address, 
data, label, mnemonic, operands, and registers are dis- 
played. 

Emulation Accuracy 

All port-related and A/D converter related signals are 
taken directly from the emulation chip. These signals 
function identically to the devices. To improve signal 
quality a 100(2 resistor is inserted in series on each 
port-related line. Other signals differ from the actual 
device due to buffering and control gating. 
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Breakpoint Capabilities 

The IE-78320 has four types of break functions: event 
detection breaks, command breaks, fail-safe breaks, and 
manual breaks. Event detection breaks can be set to 
stop emulation on: address, data, status, external data, 
or loop count for main bus activity (addresses OH to 
OFDFFH and OFFDOH to OFFDFH); address, status, 
external data, or loop count for CPU internal bus activity 
(addresses OFEOOH to OFFCFH and OFFEOH to 
OFFFFH); matching a condition on external sense clip 
number one; executed instruction count; four parallel 
instruction address breakpoints or up to a four-level 
sequential instruction address breakpoint. Combina- 
tions of the above conditions can be specif led as a break 
event and enabled for real-time emulation. 

Once a break event associated with main bus activity or 
CPU internal bus activity is reached during emulation, 
several instructions are executed before emulation is 
stopped. The exact number of instructions slipped (slip- 
page) depends on the Instructions in the prefetch queue 
and if the emulation CPU is accessing internal ROM or 
external memory Slippage does not occur on parallel or 
sequential instruction address break events. 

Command breaks can be specified on the command line 
of the non-real-time emulation command. Non-real-time 
emulation can be stopped when an internal register 
condition is satisfied or a specified number of instruc- 
tions have been executed. 

Fail-safe break conditions occur unconditionally and 
include a non-map access break, write protected break 
and turbo access break. A non-map access break occurs 
when an attempt is made to access a non-mapped 
memory area or non-existing special function register 
(SFR). A write-protected break occurs when an attempt 
is made to write to read-only emulation memory or SFR. 
A turbo access break occurs when a continuous fetch 
operation is performed on any off-chip emulation mem- 
ory 

A manual break occurs when the ESC key is input during 
non-real-time execution, or the STP or reset command is 

iiipuL uuiiiiy icai-Liriic; cacuuliuii. 

Trace Capabilities 

The IE-78320 has a 2K x 44-bit trace RAM for storing 
emulation data from each machine cycle. The addresses, 
data, and CPU status of the main bus are always traced 
along with either the addresses and status of the CPU 
internal bus or the external sense clips as selected by 
the user. There are three types of trace displays: frame 
mode, instruction mode, and Instruction mode with 
macro service. In the frame mode display the frame 



number and type, address and data information and 
external sense clip status are displayed for each frame in 
the order in which they are traced. In instruction mode, 
the executed instructions are displayed with their frame 
number, bus cycle status, instruction address, data, 
external sense clip data, label, mnemonics, and oper- 
ands. In the instruction mode with macro service, macro 
service reads and writes are added to the instruction 
mode display. 

A number of trace display options are available. These 
include the display of all trace data, the display of all 
frames related to branch processing and the occurrence 
of an interrupt, the display of only the frames meeting the 
trace data search conditions, the display of five lines 
before or after the frame meeting the trace data search 
condition and the display of a specified number of lines 
following the detection of the specified break condition. 

During real-time program execution without break- 
points, the break condition can be used to stop the 
tracer a specified number of frames after the break 
condition is satisfied. At tracer stop time, the trace 
buffer can be viewed, new trace conditions set, and the 
tracer restarted while the program continues to execute 
in real-time. 

CMOS Protection 

The latch-up warning circuit is activated when a CMOS 
latch-up condition occurs in the emulation CPU or any of 
its peripheral CMOS devices. A protection circuit iso- 
lates the power supply to the emulation CPU, its periph- 
eral CMOS devices and all TTL devices driving the 
CMOS devices and the message "Emulation CPU 
Latchup 1" is displayed. 

Utilities 

The upload/download commands provide easy loading 
and saving of hex files to and from a host computer. The 
on-board assembler/disassembler allows the user to 
avoid debugging in machine code. The symbolic debug- 
ging commands allow the use of labels instead of abso- 
lute addresses. Full data manipulation commands are 
available for memory the general registers, and special 
function registers. Initialization commands allow the 
user to choose a clock source, a base number, to specify 
the serial parameters for channel two and to define the 
system memory map. Other cdmmands are available to 
evaluate an arithmetic expression, to output an external 
trigger signal when an specified event has occurred, and 
to control an NEC PG-series PROM programmer. 



9-85 



IE-78320 



NEC 



System Mode 

The IE-78320 can be connected to an IBM PC®, PG/XT®, 
PC AT®, or PC-9800 series by an RS232C port and 
operated in system mode. By using the accompanying 
control software, the debugging capabilities of the IE- 
78320 are greatly increased. The controller program has 
a macro command file capability, allowing the user to 
execute a defined set of commands automatically The 
on-line help facility the history command display and 
the ability to send the console display to a printer or to 
the disk ease debugging tasks. The uploading and down- 
loading capability can be utilized to upload and down- 
load both object code and symbol information. 
MS-DOS® programs can be executed without terminat- 
ing the controller program. Other advantages are a verify 
command that compares memory to hex files, an alter 
symbol command, and a termination command for ex- 
iting to the operating system. 

Table 1 lists commands available for both the stand- 
alone and system modes of the IE-78320. Commands 
listed in table 2 supplement table 1, but can only be used 
in the system mode. 



Tabic 1. 


Stand-Alone and System Mode 
Commands 


Command 


Function 


ASM 


Assembles source code line by line 


BRA 


specifies break events in program or internal data 
memory area 


BRD 


Selects external signal as break event 


BRE 


Sets a number of instructions executed as break 
event 


BRM 


Enables break events 


BRS 


Sets parallel or sequential instruction address 
breakpoints 


BRn 


ORs various break events together (n = to 3) 


CLK 


Selects internal or external clock 


GNT 


Displays elapsed emulation time and number of 
instructions executed 


DAS 


Disassembles program memory 


DLY 


Changes/displays number of frames to be traced after 
trace trigger has been detected 


LOD 


Loads hex format file into program memory 


MAP 


Displays/changes memory map 


MAT 


Evaluates arithmetic expression 


MDR 


Displays/modifies mode registers of emulator CPU 


MEM 


Displays/ changes/fills/moves/exchange/ searches/ 
verifies/tests memory 


MOD 


Sets channel two serial parameters 



Table 1. 


StandnMone and System Mode 
Commands (cont) 


Command 


Function 


MOV 


Moves memory content to different mapping area 


OUT 


Outputs external trigger 


PGM 


Controls PG series programmer from IE-78320 


REG 


Displays/modifies registers of emulator CPU 


RES 


Resets the IE-78320 and/or emulator CPU 


RUN 


Executes programs In reakime or non-real-time 


SAV 


Saves contents of memory onto disk 


SFR 


Displays/modifies special function registers of 
emulator CPU 


SPR 


Displays/modifies special registers of emulator CPU 


STP 


Stops emulation CPU during real-time emulation 


SYM 


Adds/deletes/displays/changes/loads/saves symbols 


TRD 


Displays trace data 


TRF 


Sets condition for trace buffer search 


TRG 


Starts real-time tracer during real-time emulation 


TRM 


Selects CPU internal bus or external sense clips for 
tracing 


TRP 


Displays/moves trace buffer pointer 


VRY 


Compares contents of an object file with memory 


Table 2. 


System Mode Only Commands 


Command 


Function 


COM 


Creates command file 


DIR 


Displays disk directory 


DOS 


Allows execution of MS-DOS programs 


EXT 


Terminates IE-78320 controller program operation 


HIS 


Displays last twenty commands 


HLP 


Displays format of commands 


LOD 


Loads object code and symbol files 


LST 


Sends console display to disk or printer 


SAV 


Saves contents of memory and the debug 
environment onto disk 


STR 


Automatically executes command string file 
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Equipment Supplied 

The IE-78320-R package consists of the following: 

• IE-78320-R housing 

• IE-78320 user's manuals 

• PC-9800 series system disk 

• IBM PC system disk 

• AC power cable 

• AC ground adapter 

• Ground cable 

• Spare fuse 

• RS-232C interface cable 

• Warranty policy and registration card 

Basic Specifications 

• Weight: 8.5 kg 

• External dimensions: 

length, 370 mm; width, 160 mm; 
height, 283 mm 

• Power source: 100 V AC, 50/60 Hz 



Environmental Characteristics 

• Operating temperature range: 10 to +40^*0 

• Storage temperature range: 20 to +45*'C 

• Ambient humidity range: 10 to 90% relative humidity 

Documentation 

For further information on IE-78320 operation, NEC 
Electronics Inc. provides the following manuals with the 
in-circuit emulator: 

• IE-78320 /LiPD78320/322 In-Circuit Emulator Hardware 
Manual 

• IE-78320 /XPD78320/322 In-Circuit Emulator Software 
Manual 

Additional copies may be obtained from NEC 
Electronics Inc. 
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CC7831X 

C Compiler Package 

for the pPD7831X/pPD7831XA Series 



Description 

The CC7831X compiler package for the NEC 
ii4PD7831X/jDtPD7831XA microcomputers consists of a 
Kernighan and Ritchie compatible C cross compiler 
(CC310), relocatable assembler (RA310), linker (LK310), 
librarian (LB310), locater (LC310), and an emulator con- 
troller program. The CC7831X C compiler package is 
available for use on an MS-DOS® system with a free- 
standing system as target (embedded system). 

Features 

n Kernighan and Ritchie standard C 

— unsigned, enum, typedef, interrupt keywords 

— extern, auto, static, register keywords 

n Legal C code verification integrated into the 
compiler 

° User-selectable and directable output files, list and 
full cross reference files 

n Macro definitions 

n Branch optimization 

n Conditional assembly 

D Simple diagnostics 

a Powerful librarian 

Ordering Information 



Part Number 



System Description 



CCMSD-I5DD-7831X MS-DOS 



5-1/4 inch double-density f ioppy 
diskette 



C CROSS COMPILER (CC310) 

Description 

The CC310 C cross compiler converts standard C source 
code Into relocatable object modules. The same relocat- 
able object format is used for all relocatable object files 



Compiler Options 

The CC310 C compiler supports the following options 
during compilation: 

• Integer size control 

• Include file control 

• Deflning/undefining constants 

• Local symbol information included in object files 

• Prologue/epilogue control 

• Forced stack checking before each C function 

• Packed data allocation 

• Special relocatable data segment 

C Library Functions 

The CC310 C compiler library includes most of the 
important C library functions that apply to PROM based 
embedded systems. All library functions reside in the 
supplied library files. Header files that declare the set of 
library functions are also included. 

The following character operation macros are available: 

CHARACTER HANDLING <ctype.h> 

Classification Macros: 

isalnum isalpha isascil iscntrl isdlgit isgraph 
islower Isprint ispunct Isspace isupper isxdigit 

Conversion Macros: 

toascli tolower toupper 
The following library functions are available: 
NON-LOGICAL JUMPS <setjmp.h > 

longjmp setjmp 
FORMATTED INPUT/OUTPUT <stdio.h> 

sscanf sprintf 



(by an assembler or compiler). 

MS-DOS is a registered trademark of Microsoft Corporation. 
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GENERAL UTILITIES 

crtO (startup for C programs) 
cipt (interrupt system support) 
chkstk (check for stack overflow) 

STRING HANDLING <string.h> 

strcat strchr strcmp strcpy strcspn strlen strncat 
strncmp strncpy strpbrk strrchr strspn strtok 

MATHEMATICS 

abs atoi atol 

Memory Models 

CC310 supports only the small memory model, since the 
PiPD7831X/aPD7831XA can only address a maximum of 
64K bytes of program memory 

RELOCATABLE ASSEMBLER (RA310) 

Description 

RA310 translates a symbolic source module into a relo- 
catable object module. The assembler verifies that each 
instruction is valid for the target juPD7831X, jaPD7831XA, 
or /[iPD7832X microcomputer and produces a listing file 
and a relocatable object module. 

Character constants are translated into seven-bit ASCII 
codes. Numeric constants may be specified as binary 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *, /, MOD, OR, AND, 
NOT, XOR, EG, NE, LT, LE, GT, GE, SHR, SHL, LOW, 
HIGH, ., 0, and character constants. 

Macro Capability 

RA310 allows the definition of macro code sequences 
with up to five parameters, LOCAL symbols, and special 
repeated code sequences. The macro code sequence 
differs from a subroutine call because the invocation of 
a macro in the source code results in the direct replace- 
ment of the macro call with the defined code sequence. 

Assembler Directives 

Assembler directives give Instructions to the assembler 
but are not translated into machine code during assem- 
bly Basic assembler directives include: storage defini- 
tion and allocation directives (DB,DVy DS, DBIT); symbol 
directives (EQU, SET); location counter control directive 
(ORG). Program control directives Include: segment di- 
rectives (CSEG, CSEG FIXED, CSEG CALLTOf CSEG 
CALLT1, DSEG, BSEG, ENDS); linkage directives 
(NAME, PUBLIC, EXTRN, EXTBIT); register assignment 
directives (RSS); macro directives (MACRO, LOCAL, 



REPT IRP, ENDM, EXITM); automatic BR instruction 
selection directive (BR) and assembly termination direc- 
tive (END). 

Assembler Controls 

There are two types of assembler controls available for 
RA310. The primary controls specified in the assembler 
command line or at the beginning of the source module 
are as follows: 

• Processor selection 

• Output object file selection 

• Output list file selection 

• Listing format controls 

• Date specification 

• Optimization selection 

• WDrkf lie drive selection 

• Symbol letter case selection 

General controls, specified in the source program, are as 
follows: 

• Inclusion of other source files 

• Page eject 

• Generation/suppression of listing 

• Listing subtitles 

• Conditional assembly controls 

LINKER (LK310) 

LK310 combines multiple relocatable object modules 
and library modules and converts them into a single 
relocatable object module. The linker resolves PUBLIC/ 
EXTRN references between modules, creating a relocat- 
able output module that contains both relocatable object 
code and symbol information. The linker will also search 
library files for required modules to resolve external 
references. The linker controls for LK310 may be speci- 
fied in either the command line or in a parameter file. 
Linker options Include specifying the date and the abso- 
lute load module name, specifying the creation of a list 
file containing a link map, and specifying the letter case 
for symbols. 

LOCATER (LC310) 

LC310 converts a relocatable object module with no 
external references into an ASCII hexadecimal format 
absolute object code file. The locater outputs two files: 
an absolute load file in an expanded seven-bit ASCII 
hexadecimal format, which can be downloaded to a 
PROM programmer and a symbol file for the symbolic 
debugger. Locater options include specifying the start- 
ing address and order for code/data/stack segments. 
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specifying areas of memory to be protected from being 
assigned, and specifying tfie creation of a map file with 
symbol tables. 

LIBRARIAN (LB310) 

LB310 allows commonly used relocatable object mod- 
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When a library file is included in the input of the linker, the 
linker extracts from the library file only those modules 
required to resolve external references and links them 
with the other modules. 

The librarian creates and maintains library files contain- 
ing relocatable object modules. Modules can be added 
to or deleted from a library file, or the contents of the 
library file can be listed. 

EMULATOR CONTROLLER PROGRAM 

Absolute object files produced by the CC7831X C com- 
piler package can be debugged using an NEC stand- 
alone in-circuit emulator. An NEC emulator controller 
program allows you to communicate with the emulator 
through an RS-232C serial line. The emulator controller 
program is available to run on the IBM PC®, PC/XT®, or 
PC AT® under MS-DOS. It provides the following fea- 
tures: 

• Uploading/downloading of object/symbol files 

• Symbolic debugging capability 

• Complete emulator control from host console 

• On-line help facilities 

• Macro command file capabilities 

• Host system directory and file display 

• Storage of debug session on disk 

• Storage of last 20 commands for recall 

IBM PC, PC/XT, and PC AT are trademarks of International Business 
Machines Corporation. 



LICENSE AGREEMENT 

CC7831X is sold under terms of a license agreement, 
which is Included with purchased copies. The accompa- 
nying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided free to registered users for one year. 

DOCUMENTATION 

For further Information on source program formats, C 
compiler and assembler operation, and actual program 
examples, NEC Electronics Inc. provides the following 
documentation: 

• CC78XXX C Compiler ^PD78XXX C Compiler User's 
Manual 

• CC78XXX C Compiler iaPD78XXX Relocatable 
Assembler User's Manual 

This documentation is provided with purchased copies 
of the package. Additional copies may be obtained from 
NEC Electronics Inc. 
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CC7832X 

C Compiler Package 

for the pPD7832X Series 



Description 

The CC7832X compiler package for the NEC 
/14PD7832X microcomputers consists of a Kernighan and 
Ritchie compatible cross compiler (CC320), relocat- 
able assembler (RA310), linker (LK310), librarian (LB310), 
locater (LC310), and an emulator controller program. The 
CC7832X compiler package is available for use on an 
MS-DOS® system with a free-standing system as target 
(embedded system). 

Features 

n Kernighan and Ritchie standard 

— unsigned, enum, typedef, interrupt keywords 

— extern, auto, static, register keywords 

a Legal C code verification integrated into the 
compiler 

D User-selectable and directable output files, list and 
full cross reference files 

o Macro definitions 

□ Branch optimization 

n Conditional assembly 

D Simple diagnostics 

n Powerful librarian 

Ordering Information 



Part Number 



System Description 



CCMSD-I5DD-7832X MS-DOS 



5-1/4 Inch double-density floppy 
diskette 



C CROSS COIVIPILER (CC320) 

Description 

The CC320 C cross compiler converts standard C 
source code into relocatable object modules. The same 
relocatable object format is used for all relocatable 

oihior»t fno© in tho Ct f»omnilor rkanitana r^^nfltrrllpes of hnxM 

generated (by an assembler or compiler). 



MS-DOS is a registered trademark of Microsoft Corporation. 



Compiier Options 

The CC320 C compiler supports the following options 
during compilation: 

• Integer size control 

• Include file control 

• Defining/undefining constants 

• jjocal symbol information included in object files 

• Prologue/epilogue control 

• Forced stack checking before each C function 

• Packed data allocation 

• Special relocatable data segment 

C Library Functions 

The CC320 C compiler library includes most of the 
Important C library functions that apply to PROM based 
embedded systems. All library functions reside in the 
supplied library files. Header files that declare the set of 
library functions are also included. 

The following character operation macros are available: 

CHARACTER HANDLING <ctype.h> 

Classification Macros: 

isalnum isalpha isascii iscntrl isdigit isgraph 
islower isprint ispunct isspace isupper isxdigit 

Conversion Macros: 

toascii tolower toupper 
The following library functions are available: 
NON-LOGICAL JUMPS < setjmp.h> 

longjmp setjmp 
FORMATTED INPUT/OUTPUT <stdio.h> 

sscanf sprintf 

GENERAL UTILITIES 

crto (startup for C programs) 
cipt (interrupt system support) 
chkstk (check for stack overflow) 

STRING HANDLING <string.h> 

strcat strchr strcmp strcpy strcspn strlen strncat 
strncmp strncpy strpbrk strrchr strspn strtok 

MATHEMATICS 

abs atoi atol 
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Memory Models 

CC320 supports only the small memory model since the 
^PD7832X can only address a maximum of 64K bytes of 
program memory 

RELOCATABLE ASSEMBLER (RA310) 

Description 

RA310 translates a symbolic source module into a relo- 
catable object module. The assembler verifies that each 
instruction is valid for the target ^PD7831X, /iPD7831XA, 
or mPD7832X microcomputer and produces a listing file 
and a relocatable object module. 

Character constants are translated into seven-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +,-,*, /, MOD, OR, AND, 
NOT, XOf=l, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW 
HIGH ,.,(), and character constants. 

Macro Capability 

RA310 allows the definition of macro code sequences 
with up to five parameters, LOCAL symbols, and special 
repeated code sequences. The macro code sequence 
differs from a subroutine call because the invocation of 
a macro in the source code results ih the direct replace- 
ment of the macro call with the defined code sequence. 

Assembler Directives 

Assembler directives give instructions to the assembler 
but are not translated into machine code during assem- 
bly Basic assembler directives include: storage defini- 
tion and allocation directives (DB.DVy DS, DBIT); symbol 
directives (EQU, SET); location counter control directive 
(ORG). Program control directives include: segment di- 
rectives (CSEG, CSEG FIXED, CSEG CALLTO, CSEG 
CALLT1, DSEG, BSEG, ENDS); linkage directives 
(NAME, PUBLIC, EXTRN, EXTBIT); register assignment 
directives (RSS); macro directives (MACRO,\ LOCAL, 
REPT IRP, ENDM, EXITIVI); automatic BR Instruction 
selection directive (BR) and assembly termination direc- 
tive (END). 

Assembler Controls 

There are two types of assembler controls available for 
RA310. The primary controls specified in the assembler 
command line or at the beginning of the source module 
are as follows: 

• Processor selection 

• Output object file selection 



• Output list file selection 

• Listing format controls 

• Date specif ication 

• Optimization selection 

• V\forkf lie drive selection 

• Symbol letter case selection 

General controls, specified in the source program, are as 
follows: 

• inclusion of other source files 

• Page eject 

• Generation/suppression of listing 

• Listing subtitles 

• Conditional assembly controls 

LINKER (LK310) 

LK310 combines multiple relocatable object modules 
and library modules and converts them into a single 
relocatable object module. The linker resolves PUBLIC/ 
EXTRN references between modules, creating a relocat- 
able output module that contains both relocatable object 
code and symbol information. The linl<er will also search 
library files for required modules to resolve external 
references. The linker controls for LK310 may be speci- 
fied in either the command line or in a parameter file. 
Linker options include specifying the date and the abso- 
lute load module name, specifying the creation of a list 
file containing a link map, and specifying the letter case 
for symbols. 

LOCATER (LC310) 

LC310 converts a relocatable object module with no 
external references into an ASCII hexadecimal format 
absolute object code file. The iocater outputs two flies: 
an absolute load file in an expanded seven-bit ASCII 
hexadecimal format, which can be downloaded to a 
PROM programmer and a symbol file for the symbolic 
debugger. Locater options include specifying the start- 
ing address and order for code/data/stack segments, 
specifying areas of memory to be protected from being 
assigned, and specifying the creation of a map file with 
symbol tables. 

LIBRARIAN (LB310) 

LB310 allows commonly used relocatable object mod- 
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When a library file is included in the input of the linker, the 
linker extracts from the library file only those modules 
required to resolve external references and links them 
with the other modules. 
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The librarian creates and maintains library files contain- 
ing relocatable object modules. Modules can be added 
to or deleted from a library file, or the contents of the 
library file can be listed. 

EMULATOR CONTROLLER PROGRAM 

Absolute object files produced by the CC7832X C com- 
piler package can be debugged using an NEC stand- 
alone in-circuit emulator. An NEC emulator controller 
program allows you to communicate with the emulator 
through an RS-232C serial line. The emulator controller 
program is available to run on the IBM PC®, PC/XT<8>, or 
PC AT® under MS-DOS. It provides the following fea- 
tures: 

• Uploading/downloading of object/symbol files 

• Symbolic debugging capability 

• Complete emulator control from host console 

• On-line help facilities 

• Macro command file capabilities 

• Host system directory and file display 

• Storage of debug session on disk 

• Storage of last 20 commands for recall 



LICENSE AGREEMENT 

CC7832X is sold under terms of a license agreement, 
which is included with purchased copies. The accompa- 
nying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided free to registered users for one year. 

IBM PC, PC/XT, and PC AT are trademarks of International Business 
Machines Corporation. 

DOCUMENTATION 

For further information on source program formats, C 
compiler and assembler operation, and actual program 
examples, NEC Electronics Inc. provides the following 
documentation: 

• CC78XXX C Compiler /itPDTSXXX C Compiler User's 
Manual 

• CC78XXX C Compiler /[tPD78XXX Relocatable Assem- 
bler User's Manual 

This documentation is provided with purchased copies 
of the package. Additional copies may be obtained from 
NEC Electronics Inc. 
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RA78K3 

Relocatable Assembler Package 

for the pPD7831Xy7832X 



Description 

The RA78K3 relocatable assembler package converts 
symbolic source code for the /iPD7831X and /[iPD7832X 
elght/sixteen-bit, single-chip microcomputers into exe- 
cutable absolute address object code. The RA78K3 relo- 
catable assembler package consists of four separate 
programs: assembler (RA78K3), linker (LK78K3), locater 
(LC78K3), and librarian (LB78K3). 

RA78K3 translates a symbolic source module into a 
relocatable object module. The assembler verifies that 
each instruction assembled is valid for the target micro- 
computer specified at assembly time and produces a 
listing file and a relocatable object module. 

LK78K3 combines multiple relocatable object and library 
modules and converts them to a single relocatable 
object module. LC78K3 converts a relocatable object 
module with no external references Into an ASCII hexa- 
decimal format absolute object code file. 

LB78K3 allows commonly used relocatable object mod- 
ules to be stored in one file and linked into multiple 
programs, greatly Increasing programming efficiency 
When a library file is included in the Input of the linker, the 
linker extracts from the library file only those modules 
required to resolve external references and links them 
with the other modules. 

Features 

n Absolute address object code output 

a User-selectable and directable output files 

n Macro definitions 

Q Branch optimization 

n Conditional assembly 

n Extensive error reporting 

ci Powerful librarian 

u liuns unoer mS-uOS^ and vMA^/ViviS^ operaiing 
systems 



Ordering Infornnatlon 



Part Number System Description 



RA78K3-D52 MS-DOS 5-1/4 inch double-density floppy diskette 
RA78K3-WT1 VAX/VMS 9-track 1600 BPI magnetic tape 



Program Syntax 

An RA78K3 source module consists of a series of code, 
data, or bit segments. Each segment consists of state- 
ments composed of up to four fields: symbol, mnemonic, 
operand, and comment. 

The symbol field may contain a label, whose value is the 
instruction or data address, or a name which represents 
an instruction address, data address, or constant. The 
mnemonic field may contain an instruction or assembler 
directive. The operand field contains the data or expres- 
sion for the specified instruction or directive. The com- 
ment field allows explanatory comments to be added to 
a program. 

Character constants are translated into seven-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *, /, MOD, OR, AND, 
NOT, XOR, EG, NE, LT, LE, GT, GE, SHR, SHL, LOW 
HIGH, ., (), and character constants. 

Macro Definition 

RA78K3 allows the definition of macro code sequences 
with up to five parameters, LOCAL symbols, and special 
repeated code sequences. The macro code sequence 
differs from a subroutine call: the invocation of a macro 
in the source code results in the direct replacement of the 
macro call with the defined code sequence. 



MS-DOS Is a registered trademark of Microsoft Corporation. 
VAX and VMS are registered trademarks of Digital Equipment 
Corporation. 
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Assembler Directives 

Assembler directives give Instructions to tlie assembler. 
They are not translated into machine code during assem- 
bly. Basic assembler directives include: storage defini- 
tion and allocation directives (DB, DW, DS, DBIT); sym- 
bol directives (EQU, SET); and location counter control 
directive (ORG). Program control directives include: 
segment directives (CSEG, DSEG, BSEG, ENDS); link- 
age directives (NAME, PUBLIC. EXTRN, EXTBIT); macro 
directives (IVIACRO. LOCAL, REPT, IRP, EXITM, ENDM); 
automatic BR instruction directive (BR); register assign- 
ment directive (RSS); and assembly termination direc- 
tive (END). 

Assembler Controls 

The RA78K3 assembler (figure 1) has two types of 
controls. Primary controls are specified in the assembler 
command line or at the beginning of the source module 
and are as follows: 



Figure 1. Relocatable Assembler Funciional 
Diagram 



Processor selection 
Output object creation selection 
Output list file selection 
Listing format controls 
Optimization selection 
\Nork file drive specification 



General controls are specified in the source program 
and are as follows: 

• Inclusion of other source files 

• Page eject 

• Generation/suppression of listing 

• Listing titles 

• Conditional assembly controls 

The listing file contains either the complete assembly 
listing or only the lines with errors, and a symbol or 
cross-reference table. The symbol table shows all de- 
fined symbols in alphabetical order, with the types, 
attributes, and the values initially assigned to them. 

The cross-reference table contains all defined symbols 
and the numbers of all statements referring to them. The 
object file cpntains the relocatable object module. This is 
an NEC proprietary relocatable object module format. 

If the optimization option is chosen, the assembler will 
generate the most efficient code by converting, wher- 
ever possible, three-byte absolute branches into two- 
byte relative branches. 
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Linlcer 

The LK78K3 linker (figure 2) combines several relocat- 
able object modules, resolving PUBLIC/EXTRN refer- 
ences between modules, to create a relocatable output 
module. This output module contains both relocatable 
object code and symbol information. The linker will also 
search library files for required modules to resolve ex- 
ternal references. The linker controls for LK78K3 can be 
specified in either the command line or in a parameter 
file. The programmer can specify the date, and absolute 
load module name, and control the creation of a list file 
containing a link map. 
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F^ure 2. Unker Functional IXagram 
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Locater 

The LC78K3 (figure 3) locater outputs two files: an 
absolute load file In a seven-bit ASCII expanded hexa- 
decimal format, which can be downloaded to a PROM 
programmer; and a symbol file for the symbolic debug- 
ger The programmer can specify the starting address 
and order for code/data/stack segments, and can protect 
areas of memory from being assigned. The programmer 
can specify that a map file with symbol tables be 
created. 



Figure 3, 


Locater Functionai Diagram 
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Librarian 

The LB78K3 librarian creates and maintains library files 
containing relocatable object modules. This reduces the 
number of files to be linked together by storing several 
modules in a single file. This provides an easy way to link 
frequently used modules into programs. Modules can be 
added to, deleted from, or replaced within a library file; or 
the contents of the library file can be listed. 
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Operating Environment 

The NEC RA78K3 package runs under a variety of oper- 
ating systems. One version runs on an MS-DOS system 
with one or more disi< drives and at least 1 28K of system 
memory. Another version runs on a Digital Equipment 
Corporation VAX computer under the VMS (Version 4.1 or 
later) operating system. 

Emulator Controiier Program 

Absolute object files produced by the RA78K3 relocat- 
able assembler package can be debugged with the 
appropriate NEC stand-alone in-clrcuit emulator. NEC 
emulator controller programs allows communication 
with the emulator through an RS-232C serial line. An 
emulator controller program can run on the IBM PC®, 
PC/XT®, OR PC AT® under MS-DOS and is provided with 
the in-circult emulator at no extra charge. 

These emulator controller programs provide the follow- 
ing features: 



Uploading/downloading of object and symbol files 

Symbolic debugging capability 

Complete emulator control from host console 

On-line help facilities 

Macro command file capabilities 

Host system directory and file display 

Disk storage of debug session 

Storage of last 20 commands for recall 



License Agreement 

RA78K3 is sold under terms of a license agreement, 
which is included with the assembler. The accompanying 
card must be completed and returned to NEC Electron- 
ics inc. to register the license. Software updates are 
provided free to registered users. 

Documentation 

For further Information on source program formats, 
assembler operation, and actual program examples, 
NEC Electronics Inc. provides the following documen- 
tation: 

• RA78K3 /aPD7831X/mPD7832X Relocatable Assembler 
Package, Language Manual 

• RA78K3 ii4PD7831X/MPD7832X Relocatable Assembler 
Package, Operation Manual (MS-DOS) 

• RA78K3 i[iPD7831X/MPD7832X Relocatable Assembler 
Package, Operation Manual (VMS) 

This documentation Is provided with purchased copies 
of the package. Additional copies may be obtained from 
NEC Electronics Inc. 

IBM PC, PC/XT, and PC AT are registered trademarks of inter naltional 
Business Macliines Corporatioa 
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ST78K3 

Structured Assembler Preprocessor 

for the fiPD783XX Series 



Description 

The ST78K3 structured assembler preprocessor is a 
companion program to the RA78K3 relocatable assem- 
bler for the NEC mPD783XX series of microcomputers. 
ST78K3 converts a source code file containing struc- 
tured assembly statements into a pure assembly lan- 
guage source file, which then can be assembled with 
RA78K3. 

ST78K3 will convert a structured assembly statement 
into one or more fiPD783XX assembly language instruc- 
tions which perform the desired operation. Since 
ST78K3 converts only the structured assembly state- 
ments and does not convert iaPD783XX assembly lan- 
guage instructions, a structured source program can 
Include a combination of jaPD783XX structured assembly 
statements and assembly language. 

ST78K3 enables the assembly language programmer to 
use some of the structures and syntax of higher-level 
languages such as the language. This improves pro- 
gram readability and reliability, and increases program- 
mer productivity 

Features 

D Control structures for conditions, looping, and 
switch-case 

D Preprocessor directives for conditional code 
generation 

D C-like representation of comparison operations 

° C-like representation of assignment/arithmetic 
operations 

° Increment and decrement operators 

D Allow use of all ^PD783XX mnemonics, registers, 
and features 

n Runs under MS-DOS® and VAX®/VMS® operating 
systems 

Ordering Information 

The ST78K3 structured assembler preprocessor Is in- 
cluded in the following software packages at no cost: 

• RA78K3 ^PD783XX Relocatable Assembler Package 

MS-DOS is a registered trademark of IVIicrosoft Corporation. 
VAX and VIVIS are registered trademarl<s of Digital Equipment 
Corporation. 
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Summary Of Structured Language 

A line of source code for ST78K3 contains either a 
structured assembly statement or a ^PD783XX assembly 
language statement. jaPD783XX assembly language 
statements (iaPD783XX instructions, RA78K3 directives, 
or RA78K3 controls) pass through ST78K3 without 
change. 

Structured assembly statements consist of preprocessor 
directives, assignment statements, and control state- 
ments. These statements are entered one per line, and 
are terminated by a line feed character. An optional 
comment may follow a semicolon at the end of the 
statement; all text following a semicolon is ignored by 
ST78K3. 

Preprocessor directives cause ST78K3to include or omit 
portions of code. Assignment statements cause ST78K3 

10 CjoMcioLc: Oiic Oi iiiOic /u-rtyToo/wv aoociiiuiy laiiyuayc; 

instructions to alter the contents of a register or variable. 
Control statements cause ST78K3 to generate the nec- 
essary instructions to test conditions and change con- 
trol flow based on those conditions. 
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Preprocessor Directives 

ST78K3 preprocessor directives set and test variables, 
allowing conditional processing of code; include exter- 
nal files; and map instructions to tiPDlQSXX CALT table 
reference instructions. Table 1 lists the preprocessor 
directives and their functions. 

Table 1. Preprocessor Directives and Functions 

Directive Function 

#define NAME value Defines the variable NAME, set to the 
supplied value. 

if ABC has been defined as above, or on the 
command line with the -D option, the first set 
of statements is processed and the second 
set ignored; if ABC has not been defined, or 
defined as zero, the first set of statements is 
ignored and the second set is processed. 

The named file is read from disk and 
processed as if included in the source. 

#defcalit ©LABEL Whenever the Instruction "CALL llabel" Is 
CALL llabel encountered in the source program, it is 

#endcallt replaced by "CALLT [©LABEL]". The label 

must be defined in the CALLT table. 



#lfdef ABC 
< statements > 



< statements > 
#endlf 

#include "filename" 



Assignment, Increment, and Decrement 
Statements 

ST78K3 provides the ability to represent an assignment, 
or an assignment with an arithmetic operation, in C 
language syntax: 

destination < assign-op > source 

The assignment operators allow either simple assign- 
ment, or the combination of an assignment with an 
arithmetic operation on the source and destination. 

Examples: 

A = B ;Move contents of B register to A 
A + = [HL] ;Adci contents of memory at HL to A, 
; store in A 

Where an assignment requires an intermediate register 
to hold the value being assigned, the register is desig- 
nated by naming it in parentheses following the assign- 
ment operation. 

Examples: 

DATA1 = B (A) ;Store contents of B into memory at 
;DATA1, using A as temporary storage 

BC & = HL PCA) ;and BC with HL, store in BC, 
;use XA as temp 



The increment and decrement operators (-1- + and ~) 
operate on a single operand. 

Table 2 lists the assignment operators with examples 
and functions. 



Table 2. Assignment Operators with Examples 
and Functions 


Operator 


Example 


Function 


= 


A = B 


A*-B 


< - > 


A < - > B 


Contents of A and B are exchanged 


+ = 


A += B 


A*-A + B 


- = 


A-= B 


A*-A-B 


* = 


AX*= B 


AX *- AX * B 


/= 


AX/= C 


AX*-AX/C 


& = 


A&= B 


A - A & B (logical AND) 


1 = 


Al= B 


A <- A 1 B (logical OR) 


"= 


A'^= B 


A«^A"B(logicalXOR) 


> > = 


A>>=B 


(CY-Ao,An.i*-An,...,Amax*-0) x B times 


< < = 


A<<=B 


(CY-Amax.An+i*-An....Ao-0) x B times 


+ + 


A+ + 


A*-A + 1 


- 


A- 


A ^ A - 1 



Control Statements 

Control statements allow conditions to be tested. Based 
on the results of the test, blocks of code are allowed to 
be executed or skipped. Reserved words in the control 
statement define the start and end of blocks of code, and 
expressions to be evaluated. 

Example: 

if(A== [HL]) 
P5 = B (A) 
A = [HL] 

else 



;The condition is tested. 

;lf A equals the content of memory 

;at HL, this code is executed. 



;Otherwise, this code is executed. 



A += [HL] 
A- = B 
P5 = A 

end if 

Table 3 shows the control statements and their func- 
tions. 
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Table 3, Control Statements and Function 



Table a Binary Operators 



Control Statement 




Function 


if-elseif-else-endif 




Test variable expressions 


iLbit - elseiLbit - else - 


endif 


Test bit expressions 


switch - case - default 


- ends 


Select based on variable 


for - next 




Loop, test variable 


while - endw 




Loop, test variable 


repeat -until 




Loop, test variable 


while_bit - endw 




Loop, test bit 


repeat - untiLbit 




Loop, test bit 


break 




Exit control block 


continue 




Skip to top of block 


goto LABEL 




Branch to label 



Variable And Bit Expressions 

Variable expressions for tests consist of a single value, 
comparison between two variables, or a logical combi- 
nation of comparisons. Bit expressions test individual 
bits. Table 4 shows examples of comparisons: 

Table 4. Examples of Variable Expression 
Comparisons 



Comparison 



Meaning 



if(A) 



True If A is non-zero 



if (A < B) 



True if A is less than B 



if ((A < B) && (A > C)) True if A Is less than B and greater than C 
if_bit ( P1 .2 ) True If bit 2 of P1 Is 1 



if_bit(IP1.2) 



True if bit 2 of PI is 



The allowable expressions using variables are shown in 
table 5. 



Table 5. Expressions and Examples 



Expression 


Example 


Primary 


(A) 


Term 


(A<=B) 


Tcrrr. 3.1 Tcr~ 


^ ^, . ^^, ^v^ yx^ w, , y,w4;,.w«.i r^i^^i 


Term II Term 


( (A= =0 II (A= =B) ) (logical OR) 



A primary value for a variable expression is a register 
name or defined symbol. A term consists of two primary 
values compared with a binary operator. Table 6 lists the 
supported binary operators and their meanings. 



Binary Operator 


Meaning 


= = 


Equals 


1 = 


Not equal 


> 


Greater than 


> = 


Greater than or equal 


< 


Less than 


< = 


Less than or equal 



Bit expressions test Individual bits of registers, ports, or 
memory locations. Table 7 shows the acceptable forms 
of bit expressions. 



Table 7. Bit Expressions and Examples 


Bit Expression 


Example 


Bit_primary 


(P0.1J 


! Bit-primary 


(ICY) 


Blt_prlmary && Bit_primary 


(A.O&&CY) 


Bit-primary II BlLprimary 


(P0.2IICY) 



A Bit^primary can be either a reserved word bit identi- 
fier, such as a bit of a register or port (P0.1, CY), or a bit 
definition symbol (SBO EQU P0.2). 

ST78K3 Operation And Controls 

ST78K3 consists of four files: ST78K3.EXE, ST78K3.0MA 
(^PD78310A/312A), ST78K3.0MB (inPD78320/322/327/ 
328), and ST78K3.0MC ()aPb78330/334). Before invoking 
ST78K3, the user must copy the appropriate file to 
ST78K3.0M1. For example, if the user Is developing code 
for the /iPD78310A/312A, the user must type: 

C>COPY ST78K3.0MA ST78K3.0M1 

ST78K3 Is invoked by specifying the name of the source 
file, followed by optional controls. 

Example: 

C>ST78K3 ABC.SRC -DXYZ = 3 

ST78K3 reads the soecified source file and oroduces an 
output assembly language file, which can be input to 
RA78K3. The output file contains all lines provided in the 
input source file, plus those generated by $T78K3. Lines 
containing no statements for the structured assembler 
are passed through unchanged. Lines with structured 
assembly statements are placed in the output preceded 
by a semicolon. RA78K3 treats these lines as comments. 
These commented lines are then followed by the code 
generated by ST78K3. 
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The controls for ST78K3 are specified in the preproces- 
sor comnnand line or In a parameter file invoked in the 
command line. Table 8 lists the ST78K3 preprocessor 
controls and functions. 

Tabte 8. S T78K3 Preprocessor Controls 



Control 


Function 


-Ofilename 


Specify name of output assembly source file 


-Ffilename 


Specify name of parameter file to be read 


-Efilename 


Specify name of error listing file 


-Dsymbol[= value] 


Define a symbol (like #define in code) 


-l[d:][dlrectory] 


Define path for include file 


-WTn1,n2,n3 


Define TAB settings for generated code 


-SCcharacter 


Defines word symbol last character 



The -0 option allows the name of the output file to be 
specified. If not specified, the output file name defaults 
to the name of the inJDut source file with the extension 
.ASM. 

The -F option allows a parameter file to be specified, 
which will be read by ST78K3. This parameter file can 
contain a list of controls to be given to ST78K3, instead 
of or in addition to those specified on the command line. 

The -E option specifies the name of the error listing file. 
The error file contains the file name, error number, 
description of error and the line containing the error. If 
the -E option is not specified, the error file name defaults 
to the name of the input source file with the extension 
.EST 

The -D control allows a symbol to be defined on the 
command line, with an optional value provided. If a 
symbol is defined but no value is specified, the value 
defaults to 1. If the source file contains a #define 
directive which specifies a variable with the same name 
as the -D control, the value on the command line will 
override the value in the #deflne directive. 



The -I control specif ies a drive or directory other than the 
current drive and directory to search for include files. 

The -WT control specifies the number of TAB characters 
to insert before labels, instruction mnemonics, and in- 
struction operands generated by ST78K3. This allows 
clear separation of assembly language instructions 
coded in the source file from those generated by 
ST78K3. 

The -SCcharacter control specifies the character used 
as the last character in a word symbol. The character 
must be a letter of the alphabet or the @, _ or ?. This 
allows ST78K3 to distinguish between word and byte 
operations. Symbols which end in this character are 
treated as word symbols and will generate a word 
operation (ie. MO\A/V). If the -SC operation is not speci- 
fied, ST78K3 assumes that a symbol ending with the 
character "P" or "p" Is a word symbol. 

Documentation 

For further information on source program formats, 
preprocessor operation, and actual program examples, 
NEC Electronics Inc. provides the following documenta- 
tion: 

• ST78K2/ST78K3 iLtPD782xx/iuPD783xx Structured As- 
sembler Preprocessor User's Manual 

This documentation is provided with purchased copies 
of the RA78K3 iaPD783xx relocatable assembler pack- 
age. Additional copies may be obtained from NEC 
Electronics Inc. 
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PG-1500 Series 
EPROM Programmer 



Description 

The PG-1500 series is a stand-alone EPROI\/l programmer 
for programming 256-kilobit to 1-megabit EPROMs and 
EPROIVI/OTP devices for NEC's 4/8/16-bit single-chip 
microcomputers and digital signal processors. The sys- 
tem consists of the PG-1500 base programmer, inter- 
changeable programmer adapter modules for standard 
EPROM devices and the mPD75XX/75XXX series 4-bit 
microcomputers, and a variety of programmer adapters 
to support the individual devices and package types. The 
PG-1500 can be controlled from either a remote terminal 
or host computer via an RS-232C serial port, or directly 
from the on-board keypad in stand-alone mode. 

Features 

n Interchangeable modules for programming: 

— 256-kilobit to 1-megabit EPROMs 

— NEC iuPD75XX and /nPD75XXX series 4-bit 
microcomputers 

— NEC iaPD78XX and mPD78XXX series 8-bit 
microcomputers 

— NEC V-serles 16-bit microcomputers 

— NEC /xPD77XXX digital signal processors 

□ 512K-bytes data RAM 

n Silicon signature read function 

PG-1500 Series 




PROM insertion error detection circuitry 

Address splitting for 16/32-bit microprocessors 

Memory edit function to change/confirm PG-1500 
buffer 

Address/data/message display LCD 

RS-232C serial interface 

Centronics compatible parallel interface 

Power-on diagnostics 

Supports three data transfer formats 

— Intel extended hex (Note 1) 

— Extended Tektronix hex (Note 2) 

— Motorola S (Note 3) 

Two modes of operation 

— Remote controlled 

— Stand-alone 

Host Controller Program for IBM PC® Series 



IBM PC is a registered trademarl< of International Business Machines 
Corporation 

Notes: 

(1) Developed by Intel Corporation. 

(2) Developed by Tektronix Corporation. 

(3) Developed by Motorola Inc. 
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Ordering Information 



Part Number 


Description 


PG-1500 


PG-1500 Series EPROM Programmer for 27XXX 
EPROMS, NEC 4/8/16 microcomputers, and 
DSP devices (includes 027A and 04A 
Programming Adapter Modules) 


PA-70P322L 


Programmer Adapter for mPD70P322K 


PA-71P301GF 


Programmer Adapter for jiiPD71 P301 GF 


PA-71P301GQ 


Programmer Adapter for jttPD71 P301 GQ 


PA-71P301KA 


Programmer Adapter for juPD71 P301 KA 


PA-71P301KB 


Programmer Adapter for f^PD7^ P301 KB 


PA-71P301L 


Programmer Adapter for jaPD71 P301 L 


PA-76P54CS 


Programmer Adapter for juPD75P54/64CS, 
|uPD75P54/64G 


PA-75P56CS 


Programmer Adapter for |iiPD75P56/66CS, 
HIPD75P56/66G 


PA.75P008CU 


Programmer Adapter for juPD75P008CU/GB 


PA-75P036CW 


Programmer Adapter for iiiPD75P036CW 


PA-75P036GC 


Programmer Adapter for juPD75P036GC 


PA-75P108CW 


Programmer Adapter for 
iaPD75P108CW/DW/BCW, ^PD75P116CW 


PA-75P108G 


Programmer Adapter for |aPD75P108G/BGF, 
jttPD75P116GF 


PA-75P116GF 


Programmer Adapter for juPD75P108G/BGF, 
l[iPD75P116GF 


PA-75P216ACW 


Programmer Adapter for ittPD75P216ACW 


PA-75P308GF 


Programmer Adapter for |aPD75P308GF, 
iaPD75P316GF/AGF 


PA-75P308K 


Programmer Adapter for jitPD75P308K, 
JIIPD75P316AK 


PA-75P328GC 


Programmer Adapter for juPD75P328GC 


PA-75P402CT 


Programmer Adapter for jaPD75P402GT 


PA-75P402GB 


Programmer Adapter for iaPD75P402G B 



Part Number 


Description 


PA-75P516GF 


Programmer Adapter for jaPD75P516GF 


PA-75P516K 


Programmer Adapter for jttPD75P516K 


PA-77P25C 


Programmer Adapter for jaPD77P25C/D 


PA-77P56G 


Programmer Adapter for |aPD77P56CR/G 


PA-77P230R 


Programmer Adapter for |ttPD77P230R 


PA-78CP14CW 


Programmer Adapter for jttPD78CP14CW, DW 


PA-78CP14GF 


Programmer Adapter for jttPD78CP14GF 


PA-78CP14GQ 


Programmer Adapter for ^PD78CP14G/R 


PA-78CP14L 


Programmer Adapter for |aPD78CP14L 


PA-78P214CW 


Programmer Adapter for )ttPD78P214CW 


PA-78P214GJ 


Programmer Adapter for jaPD78P214GJ 


PA-78P214GQ 


Programmer Adapter for jaPD78P214GQ 


PA-78P214L 


Programmer Adapter for jaPD78P214L 


PA-78P224GJ 


Programmer Adapter for jaPD78P224GJ 


PA-78P224L 


Programmer Adapter for juPD78P224L 


PA-78P238GC 


Programmer Adapter for ]uPD78P238GG 


PA-78P238GJ 


Programmer Adapter for jaPD78P238GJ 


PA-78P238KF 


Programmer Adapter for jaPD78P238KF 


PA-78P238LQ 


Programmer Adapter for jtiPD78P238LQ 


PA-78P312CW 


Programmer Adapter for jaPD78P312ACW/DW 


PA-78P312GF 


Programmer Adapter for jaPD78P312AGF 


PA-78P312GQ 


Programmer Adapter for jaPD78P312AGQ/R 


PA-78P312L 


Programmer Adapter for jaPD78P312AL 


PA-78P322GJ 


Programmer Adapter for jaPD78P322GJ 


PA-78P322KC 


Programmer Adapter for jaPD78P322KC 


PA-78P322KD 


Programmer Adapter for jaPD78P322KD 


PA-78P322L 


Programmer Adapter for jaPD78P322L 
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F^ure I. PG'1500 System Block Diagram 



8/16-Bit DSP 
Microcomputer 



27XXX 



nS 



4-Bit 
Microcomputer 



27A Adapter 



PG-1500 

Base Programmer 



04A Adapter 



Programmer Adapters 



Programmer Adapter Moduies 



Adapter Interface 



System ROM 
128K-Byte 



CPU 
HPD70208-8 



C 



A 



Si 



WGrl< RAM 
32K-Byte 



V 



7S 



7\ 



> 



Data RAM 
512K-Byte 



V 



Panel Control Interface 



LCD Display Keyboard 



n 



Serial 
Interface 
(RS-232C) 



Architecture 

The PG-1500 base unit contains an NEC iLiPD70208 
(V40™) microprocessor witii 1 28K bytes of monitor ROIVI, 
32K bytes of worl<ing RAI\/I, 51 2K bytes of data memory, 
an RS-232C serial port, a Centronics compatible parallel 
interface, an LCD display, and a 23-key keypad. Figure 1 
shows a block diagram of the PG-1500. 

The PG-1500 has two interchangeable programmer 
adapter modules: one for 27XXX EPROMS, NEC's 4/8/16 
bit microcomputers, and DSP devices which use the 
iDtPD27C256A programming algorithm (027A board), and 
another for NEC's ^PD75XX/75XXX 4-blt microcomput- 
ers which must be programmed in a serial fashion (04A 
board). These adapter modules plug directly into the top 
of the PG-1500 and can accept a wide variety of program- 
mer socket adapters to support NEC's devices. Refer to 



the PG-1500 Programming Adapters Selection Guide for 
a list of ail available adapters. 

On power-up, the PG-1500 performs a self-diagnostic on 
its internal memory, Its data bus, its power supply, and 
its reference voltages. 

Operation 

The PG-1500 operates in stand-alone mode from the 
on-board keypad, or in remote control mode from an 
external terminal or from a host computer via an RS- 
232C serial port. 

Stand-Alone Mode 

Table 1 lists the PG-1500 commands available in stand- 
alone mode. 
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Table f . PG-ISOO Commands in Stand-Alone 
Mode 



Table 2. Address Splitting Modes 



Command 


Function 


DEVICE SELECT 


Selects the EPROM to be used 


DEVICE BLANK 


Checks If the EPROM Is blank 


DEVICE COPY 


Reads data from the EPROM 


DEVICE PROG 


Writes data Into the EPROM 


DEVICE VERIFY 


Verifies EPROM contents against PG-1500 
buffer 


DEVICE CONT 


Performs BLANK, PROG, VERIFY 
commands In sequence 


EDIT CHANGE 


Display/change the contents of the PG-1500 
buffer 


EDIT INITIAL 


Initializes the PG-1500 buffer 


EDIT MOVE 


Moves a block of data within PG-1500 buffer 


EDIT SEARCH 


Searches PG-1500 buffer for 1-, 2-, or 
4-byte patterns 


EDITC-SUM 


Performs checksum on all data in PG-1500 
buffer 


FUNCTION S-IN 


Inputs data from serial port in three formats 


FUNCTION S-OUT 


Outputs data from serial port In three 
formats 


FUNCTION REMOTE 


Sets PG-1500 to remote control mode 


FUNCTION P-IN 


Inputs data from parallel port in three 
formats 


FUNCTION MODE 


Sets up the RS-232C serial port parameters 



Mode 



Description 



The stand-alone commands fall into three groups: 

• DEVICE commands associated with the device to be 
programmed 

• EDIT commands for interacting with the PG-1500 
memory buffer 

• FUNCTION commands for setting up and controlling 
the PG-1500 

The DEVICE commands are available to check if an 
EPROM device is blank, to copy data from the device to 
the PG-1500 buffer, to write the buffer data to the device, 
and to compare the data in the device with the data in the 
buffer Blank checking, programming, and verification of 
the device can be performed sequentially using a single 
command. 

To support various 16- and 32-bit microprocessors, the 
PG-1500 can split the data in its buffer in a variety of 
ways. When a data file is loaded into the PG-1500, the 
complete file is stored in the buffer and can be dynam- 
ically split during writing and verification. The PG-1500 
supports the address splitting modes described in table 
2. 



Normal The data is not split at all. Each byte of data in the 
buffer is programmed Into the device. 

16EVN Each byte of data on an even address in the buffer is 

programmed into the device. 

160DD Each byte of data on an odd address in the buffer is 

programmed into the device. 

32/2E The first two bytes of every four bytes in the buffer is 

programmed into the device. 

32/20 The third and fourth byte of every four bytes in the 

buffer is programmed into the device. 

32/4E1 The first byte of every four bytes in the buffer Is 

programmed into the device. 

32/401 The second byte of every four bytes in the buffer is 

programmed Into the device. 

32/4E2 The third byte of every four bytes in the buffer Is 
programmed Into the device. 

32/402 The fourth byte of every four bytes in the buffer is 
programmed into the device. 

This method of address splitting also allows the com- 
plete original file to be recreated in the buffer when 
reading from a set of master EPROMs. 

A silicon signature is stored in all NEC devices and 
contains information on the device type, start and stop 
addresses, and programming voltages. The PG-1500 can 
read the silicon signature of the particular device being 
programmed either manually or automatically, or the 
device code can be entered manually. 

The EDIT commands initialize the PG-1500 buffer to a 
known value, move a block of data from one location to 
another, and change/display data at a particular ad- 
dress. The PG-1500 buffer can also be searched for all 
occurrences of any 1-, 2-, or 4-byte pattern. Finally, a 
checksum can be calculated for ail the data contained in 
the buffer. 

The FUNCTION commands control the setup of the 
RS-232C serial port, whether the PG-1500 checks for a 
PROM insertion error, whether the PG-1500 is operated 
through the serial port, and how data is input/output 
from the PG-1500. Data can be input to the PG-1500 
through either the RS-232C serial port or the Centronics 
compatible parallel port in Intel Extended Hex, Extended 
Tektronix Hex, or Motorola S formats. Data can also be 
output via the RS-232C port in any of these three 
formats. 
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Remote Control Mode 

Table 3 lists the PG-1500 commands available in Remote 
Control Mode. 



Tables. 


PG'1500 Commands in Remote Control 
Mode 


Command 


Function 


RR 


Reads data from the EPROM 


RS 


Selects the EPROM to be used 


R^ 


Verifies EPROM contents against PG-1500 buffer 


RW 


Writes data into EPROM 


RZ 


Checks if EPROM Is blank 


MC 


Change the contents of the PG-1500 buffer 


MD 


Displays the contents of the PG-1500 buffer 


MF 


Initializes the PG-1500 buffer 


PI 


Inputs data from parallel port (Intel Extended HEX) 


PM 


Inputs data from parallel port (Motorola S) 


PT 


Inputs data from parallel port (Extended Tektronix 
HEX) 


LI 


Inputs data from serial port (Intel Extended HEX) 


LM 


Inputs data from serial port (Motorola S) 


LT 


Inputs data from serial port (Extended Tektronix 
HEX) 


SI 


Outputs data from serial port (Intel Extended HEX) 


SM 


Outputs data from serial port (Motorola S) 


ST 


Outputs data from serial port (Extended Tektronix 
HEX) 


?? 


Help command 



Host Controller Program 

The PG-1500 can be controlled from an IBM PC series 
host computer using the accompanying PG-1500 con- 
troller program. The controller program has three modes 
of operation: control mode, auto mode, and terminal 
mode. 

In the control mode, commands to be executed and 
pararneiers lo be changea are seiecieo irom a screen 
display using the cursor control keys. The PG-1500 can 
be automatically configured from information contained 
In a optional configuration file. This file specifies the 
name of the file to be loaded, the ROM device, the 
address splitting mode, the HEX file format and whether 
the serial or parallel port is to be used for loading the 
data . 

In auto mode, the controller program reads in the con- 
figuration file, configures itself accordingly, checks the 



ROM device, loads the file, writes the ROM and returns to 
the operating system when 1 set of ROM devices is 
completed. 

In the terminal mode, all of the remote control com- 
mands listed in Table 3 are available for entry at the 
prompt. An additional operating system shell (OS) com- 
mand allows execution of MS-DOS® programs without 
termination of the controller program. This OS command 
is also available in the control mode. 

MS-DOS is a registered trademark of Microsoft Corporation 

Equipment Supplied 

The PG-1500 package Includes the following: 

• PG-1500 EPROM Programmer Base Unit 

• 027A Socket Board for 27XXX EPROMS and 
/aPD27C256A-like devices 

• 04A Interface Board for NEC iaPD75XX//[iPD75XXX 
Microcomputers 

• PG-1500 Controller Program Disk for IBM PC 

• Power Cord 

• Power Ground Plug Adapter 

• Spare Fuses (2) 

• PG-1500 EPROM Programmer User's Manuals 

• Warranty Policy and Registration Card 

Basic Specifications 

• Power requirements: 

— 90 to 250 VAC, 50 to 60 Hz 

• Environment conditions: 

— Operating temperature range: 10 to 35°C 

— Operating humidity range: 20 to 80% relative 
humidity 

• RS-232C serial port: 

— Baud rates: 1200, 2400, 4800, 9600, 19200 

— Parity: none, even, odd 
-X-ON/X-OFF:on.off 

— Bit configuration: 7, 8 

— Stop bits: 1,2 

Documentation 

For further information on the operation of the PG-1500, 
NEC provides the following documentation: 

• PG-1500 EPROM Programmer User's Manual 

• PG-1500 Controller Program User's Manual 
(IBM PC Based) 
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Package Drawings 



Package/Device Cross-Reference 


10-3 


20-Pin Plastic Shrink DIP 


10-5 


20-Pin Plastic SOP 


10-5 


24-Pin Plastic Shrink DIP 


10-6 


24-Pin Plastic SOP 


10-6 


40-Pin Plastic DIP 


10-7 


40-Pln Plastic Shrink DIP 


10-8 


40-Pin Ceramic Piggyback DIP 


10-9 


42-Pin Plastic DIP 


10-10 


42-Pin Plastic Shrink DIP 


10-10 


42-Pin Ceramic Piggyback DIP 


10-11 


44-Pin Ceramic LCC (w/window) 


10-12 


44-Pin Plastic QFP 


10-13 


44-Pin PLCC 


10-14 


52-Pin Plastic QFP (1.8-mm leads) 


10-15 


52-Pin Plastic QFP (3.5-mm leads) 


10-16 


64-Pin Shrink CERDIP (w/350-mil 
window) 


10-17 


64-Pin Shrink CERDIP (w/ 300-mil 
window) 


10-18 


64-Pin Plastic Shrink DIP 


10-19 



64-Pin Ceramic LCC (w/window) 


10-20 


64-Pin Ceramic Piggyback Shrink DIP 


10-21 


64-Pin Ceramic Piggyback QUIP 


10-22 


64-Pln Ceramic Piggyback QFP 


10-23 


64-Pin Plastic QFP (2.55 mm thick) 


10-24 


64-Pin Plastic QFP (1.5 mm thick) 


10-25 


64-Pin Plastic QFP (2.7 mm thick) 


10-26 


64-Pin Plastic QFP (2.05 mm thick) 


10-27 


64-Pin Ceramic QUIP (w/window) 


10-28 


64-Pin Plastic QUIP 


10-29 


68-Pin PLCC 


10-30 


74-Pin Plastic QFP 


10-31 


80-Pin Ceramic LCC (w/wlndow) 


10-32 


80-Pin Plastic QFP (14 by 14 mm) 


10-32 


80-Pin Plastic QFP (20 by 14 mm; 
1.8-mm leads) 


10-33 


80-Pin Plastic QFP (20 by 14 mm; 
2.35-mm leads) 


10-34 


84-Pin PLCC 


10-35 


94-Pin Ceramic LCC (w/window) 


10-36 


94-Pin Plastic QFP 


10-37 
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Package/Device Cross Reference 



Package 



Device, juPD 



20-Pln Plastic Shrink DIP 



7554CS 

7554ACS 

75P54CS 

7564CS 

7564ACS 

75P64CS 



20-Pln Plastic SOP 



7554G 

7554AG 

75P54G 

7564G 

7564AG 

75P64G 



24-Pin Plastic Shrink DIP 



7556CS 

7556ACS 

75P56CS 

7566CS 

7566ACS 

75P66CS 



24-Pln Plastic SOP (300 
mil) 



7556G 

7556AG 

75P56G 

7566G 

7566AG 

75P66G 



40-Pin Plastic DIP 



7507C 
7507HO 
7508C 
7508HC 



40-Pin Plastic Shrink DIP 



7507CU 
7507HCU 
7508CU 
7508HCU 



40 -Pin Ceramic 
Piggyback DIP 



75CG08E 
75CG08HE 



42-Pin Plastic DIP 



7527AC 

7528AC 

7533C 

7537AC 

7538AC 



42-Pin Plastic Shrink DIP 



7527ACU 

7528ACU 

7533CU 

7537ACU 

7538ACU 

/OUUXVJU 

75P008CU 



42-Pin Ceramic 
Piggyback DIP 



75CG28E 
75CG33E 
75CG38E 



44-Pin Ceramic LCC 
(w/window) 



71P301KA 



44-Pin Plastic QFP 



7507HGB 

7508HGB 

7500xGB 

75P008GB 

7533G 



Package 


Device, juPD 




44-Pin PLCC 


71P301L 




52-Pin Plastic QFP 


7507GC 




(1.8-mm leads) 


7508GC 




52-Pin Plastic QFP 


7225G 




(3.5-mm leads) 






64-Pin Shrink CERDIP 


75P108DW 




(w/350-mil window) 


78CP14DW 
78P312ADW 




64-Pin Shrink CERDIP 


78P214DW 




(w/300-mll window) 






64-Pin Plastic Shrink DIP 


75028CW 


78C10CW 




75P036CW 


78C10ACW 




75048CW 


78C11CW 




75P056CW 


78C11ACW 




751XXCW 


78C12ACW 




75P108CW 


78C14CW 




75P108BCW 


78CP14CW 




75P116CW 


7821 3CW 




75206CW 


7821 4CW 




75208CW 


78P214CW 




75212ACW 


78310ACW 




75216ACW 


78312ACW 




75P216ACW 


78P312ACW 




75268CW 




64-Pin Ceramic LCC 


71P301KB 




(w/window) 






64-Pin Ceramic 


75CG208E 




Piggyback Shrink DIP 


75CG216AE 




64-Pin Ceramic 


78CG14E 




Piggyback QUIP 






64-Pin Ceramic 


75CG208EA 




Piggyback QFP 


75CG216AEA 




64.Pin Plastic QFP 


75028GC 




(2.55 mm thick) 


75P036GC 

75048GC 

75P056GC 

75104AGC 

75108AGC 

78C14AG 




64-Pin Plastic QFP 


75108AG 




(1.5 mm thick) 






64-Pin Plastic QFP 


71 P301 GF 


78C10GF 


\e^./ mm micK; 


/oyjCKxr 


/ovy lurtvar 




7503GF 


78C11GF 




751XXGF 


78C11AGF 




75P108BGF 


78C12AGF 




75P116GF 


78C14GF 




75206GF 


78CP14GF 




75208GF 


78310AGF 




75212AGF 


7831 2AGF 




7521 6AGF 


78P312AGF 




75268GF 
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Package/Device Cross Reference (cont) 



Package 



64-Pin Plastic QUIP 



68-Pin PLCC 



74-Pin Plastic QFP 



Device, itPD 



Package 



Device, juPD 



64-Pln Plastic QFP 


7227G 


(2.05 mm thick) 


75104G 




75106G 




75108G 




75P108G 




75206G 




75208G 




78C10G-1B 




78C11G-1B 




78C14G-1B 



80-Pin Ceramic LCC 
(w/window) 



76P308K 
75P316AK 



80 -Pin Plastic QFP 
(14 by 14 mm) 



75328GG 

75P328GC 

78233GG 

78234GC 

78P238GC 



64-Pin Ceramic QUIP 


71P301RQ 


(w/window) 


78CP14R 




78P214R 




78P312AR 



71P301GQ 

78C10G-36 

78C10AGQ-36 

78C11G-36 

78C11AGQ-36 

78C12AG-36 

78C14G-36 

78CP14G-36 



7821 3GQ 

7821 4GQ 

78P214GQ 

78310AGQ 

78312AGQ 

78P312AGQ 



80-Pin Plastic QFP 


753XXGF 


(20 by 14 mm; 1.8-mm 


75P308GF 


leads) 


75P316GF 




75P316AGF 


80 -Pin Plastic QFP 


7228G 


(20 by 14 mm; 2.35-mm 


7228AG 


leads) 





84-Pin Plastic PLCC 



78220L 

78224L 

78P224L 

78233LQ 

78234LQ 

78P238LQ 



78C10L 

78C10AL 

78C11L 

78C11AL 

78C12AL 

78C14L 

78CP14L 

7821 3L 

7821 4L 

78P214L 



7821 3G J 
7821 4GJ 
78P214GJ 
78320GJ 
78322GJ 



78310AL 

78312AL 

78P312AL 

78320L 

78322L 



94-Pin Ceramic LCC 
(w/window) 



78P238KF 



94-Pin Plastic QFP 



78220GJ 

78224GJ 

78P224GJ 

78233GJ 

78234GJ 

78P238GJ 
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20'Pin Plastic Shrink DiP 



Item 


Millimeters 


Inches 


A 


19.57 max 


.771 max 


B 


1.78 max 


.070 max 


C 


1.778 (TP) 


.070 (TP) 


D 


0.50 ±0.10 


•<'2°:fo^ 


F 


0.85 min 


.033 min 


G 


3.2 ±0.3 


.126 ±.012 


H 


0.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K* 


7.62 (TP) 


.300 (TP) 


L 


6.5 


.256 


M 


o-2s:°o:lt 


■0^0 -Z 


N 


0.17 


.007 



* Item K to center of leads 
when formed parallel. 
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20'Pin Plastic SOP 



Item 


Millimeters 


Inches 


A 


13.00 max 


.512 max 


B 


0.78 max 


.031 max 


C 


1.27 (TP) 


.050 (TP) 


D 


o-^o^oTb 


■01B!.o°o°3^ 


E 


0.1 ±0.1 


.004 ± .004 


F 


1.8 max 


.071 max 


G 


1.55 


.061 


H 


7.7 ±0.3 


.303 ±.012 


1 


5.6 


.220 


J 


1.1 


.043 


K 


°-20 -0.05 


■0°«:.002 


L 


0.6 ±0.2 


■o^^i-Z 


M 


0.12 


.005 



20 11 



yy yyy y yyy y 



i 



fc"! 1^ M (M)| 






P20GM-50-300B. C 
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24'Pin Plastic Shrink DIP 



Item 


Millimeters 


Inches 


A 


23.12 max 


.911 max 


B 


1.78 max 


.070 max 


C 


1.778 (TP) 


.070 (TP) 


D 


0.50 ±0.10 


■o^--Zt 


F 


0.85 min 


.033 min 


G 


3.2 ±0.3 


.126 ±.012 


H 


0.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K* 


7.62 (TP) 


.300 (TP) 


L 


6.5 


.256 


M 


0-25 -0.05 


■-:;So1 


N 


0.17 


.007 



* Item K to center of leads 
when formed parallel. 



24 13 

n r~i n i~i n n n r~i n n r~i n 





> 




J 




uuuuuuuuuuuu 

1 12 




A 
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m 
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49NR-596B (9/89) 



24'Pin Plastic SOP (300 mil) 



item 


Millimeters 


Inches 


A 


15.54 max 


.612 max 


B 


0.78 max 


.031 max 


C 


1.27 (TP) 


.050 (TP) 


D 


^■^1V<& 


•°^^ -.003 


E 


0.1 ±0.1 


.004 ± .004 


F 


1.8 max 


.071 max 


G 


1.55 


.061 


H 


7.7 ±0.3 


.303 ±.012 


1 


5.6 


.220 


J 


1.1 


.043 


K 


°-20_o.05 


•008 -0^^ 


L 


0.6 ±0.2 


■024 -o- 


M 


0.12 


.005 
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NEC 



Package Drawings 



40'Pin Plastic DIP 



Item 


Millimeters 


Inches 


A 


53.34 max 


2.100 max 


B 


15.24 [TP] 


.600 [TP] 


C 


13.2 


.520 


D 


5.72 max 


.225 max 


E 


4.31 max 


.170 max 


F 


3.6 ±0.3 


.142 ±.012 


G 


2.54 max 


.100 max 


H 


2.54 [TP] 


.100 [TP] 


1 


1.2 min 


.047 min 


J 


0.51 mIn 


.020 mIn 


K 


0.50 ±0.10 


.020 ±.004 


L 


-^"i^s 


•o-liSol 


M 


0.25 


.010 
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Package Drawings 



NEC 



40'Pin Plastic Shrink DiP 



item 


Millimeters 


Inches 


A 


39.13 max 


1.541 max 


B 


2.67 max 


.106 max 


C 


1.778 (TP) 


.070 (TP) 


D 


0.50 ±0.10 


■o^t-Z 


F 


0.9 min 


.035 min 


G 


3.2 ±0.3 


.126 ±.012 


H 


0.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K* 


15.24 (TP) 


.600 (TP) 


L 


13.2 


.520 


M 


°'25 -0.05 


■°io:z 


N 


0.17 


.007 



' Item K to center of leads 
when formed parallel. 
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HEC 



Package Drawings 



40'Pin Ceramic Playback DIP 



Item 


Millimeters 


Inches 


A 


53.34 max 


2.100 max 


C 


20.32 ±0.4 


.800 ±.016 


F 


2.54 


.100 


G 


0.92 min 


.036 min 


H 


0.46 ±0.05 


.018 ±.002 


1 


0.25 


.010 


J 


2.54 (TP) 


.100 (TP) 


M 


2.54 max 


.100 max 


N 


0.25 ±0.05 


•oio!;??! 


Q 


15.24 


.600 


S 


7.28 max 


.287 max 


T 


1.0 min 


.039 min 


U 


3.5 ± 0.3 


.138 ±.012 


V 


3.0 max 


.118 max 
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Package Drawings 



NEC 



42''Pin Plastic DIP 



Item 


Millimeters 


inches 


A 


55.88 max 


2.2 max 


B 


2.54 max 


.100 max 


C 


2.54 [TP] 


.100 [TP] 


D 


0.50±0.10 


-i:??^ 


F 


1.2 min 


.047 min 


G 


3.610.30 


.142 ±.012 


H 


0.51 min 


.020 min 


1 


4.31 max 


.170 max 


J 


5.72 max 


.226 max 


K 


15.24 UP] 


.600 [TP] 


L 


13.2 


.520 


M 


o-^:?:^? 


•<-!;So"3^ 


N 


0.25 


.01 
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P42C-100-600A.B 




42'Pln Plastic Shrink DIP 



Item 


Millimeters 


inches 


A 


39.13 max 


1.541 max 


B 


1.78 max 


.070 max 


C 


1.778 (TP) 


.070 (TP) 


D 


0.50 ±0.10 


■o^:-^t 


F 


0.9 min 


.035 min 


G 


3.2 ±0.3 


.126 ±.012 


H 


0.51 min 


,020 min 


1 


4.31 max 


.170 max 


J 


5.08 max 


.200 max 


K* 


15.24 (TP) 


.600 (TP) 


L 


13.2 


.520 


M 


not^ +0.10 
0-25 _ 0.05 


■0^0 :-z 


N 


0.17 


.007 



* Item K to center of leads 
when formed paraliel. 
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NEC 



Package Drawings 



42-Pin Ceramic Piggybacic DiP 



y- 



Item 


Millimeters 


Inches 


A 


55.88 max 


2.200 max 


C 


20.32 ± 0.4 


.800 ±.016 


F 


2.54 


.100 


G 


0.92 min 


.036 min 


H 


0.46 ±0.05 


.018 ±.002 


1 


0.25 


.010 


J 


2.54 (TP) 


.100 (TP) 


M 


2.54 max 


.100 max 


N 


0.25 ±0.05 


■°^°1-Z 


Q 


15.24 


.600 


S 


7.28 max 


.287 max 


T 


1.0 min 


.039 min 


U 


3.5 ±0.3 


.138 ±.012 


V 


3.0 max 


.118 max 
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Package Drawings 



HEC 



44-Pin Ceramic LCC (w/window) 



Item 


Millimsters 


Inches 


A 


16.51 ±0.4 


.650 ±.016 


B 


15.50 


.610 


C 


15.50 


.610 


D 


16.51 ±0.4 


.650 ±.016 


E 


1.02 


.040 


F 


1.52 


.060 


G 


3.048 max 


.120 max 


H 


0.64 ±0.10 


.025 ± .004 


1 


0.12 


.005 


J 


1.27 (TP) 


.050 (TP) 


K 


1.27 ±0.2 


.050 ± .008 


L 


2.16 ±0.2 


.085 ±.008 


P 


0.2 rad 


.008 rad 


Q 


1.02 cor 


.040 cor 


R 


1.905 


.075 


S 


1.905 


.075 


T 


8.89 dia 


.350 dia 


Y 


0.51 cor 


.020 
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NEC 



Package Drawings 



44-Pin Plastic QFP 



Item 


Millimeters 


Inches 


A 


13.6 ±0.4 


535+-°^^ 
•^^^-.016 


B 


10.0 ±0.2 


«q4 + .008 
•^^^ - .009 


C 


10.0 ±0.2 


•-^^^ - .009 


D 


13.6 ±0.4 


535 ■^•°^^ 
•^^^-.016 


F 


1.0 


.039 


G 


1.0 


.039 


H 


0.35 ±0.10 


•°^^-.005 


1 


0.15 


.006 


J 


0.8 (TP) 


.031 (TP) 


K 


1.8 ±0.2 


071 -^ -OOS 
•°^^ -.009 


L 


0.8 ±0.2 


oqi -^ -oo^ 

•°^^ -.008 


M 


°-^5 -0.05 


•°°^ -.003 


N 


0.15 


.006 


P 


2.7 


.106 


Q 


0.1 ±0.1 


.004 ±.004 


R 


0.1 ±0.1 


.004 ±.004 


S 


3.0 max 


.119 max 
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Enlarged detail of lead end 
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Package Drawings 



HEC 



44-Pin PLCC 



Item 


Millimeters 


Inches 


A 


17.5 ±0.2 


.689 ±.008 


B 


16.58 


.653 


C 


16.58 


.653 


D 


17.5 ±0.2 


.689 ±.008 


E 


1.94 ±0.15 


.076 ±.006 


F 


0.6 


.024 


G 


4.4 ±0.2 


.173 ±.008 


H 


2.8 ±0.2 


.110 ±.008 


1 


0.9 min 


.035 min 


J 


3.4 


.134 


K 


1.27 (TP) 


.050 (TP) 


M 


0.40 iO.10 


.016 ±.004 


N 


0.12 


.005 


P 


15.50 ±0.20 


.610 ±.008 


Q 


0.15 


.006 


T 


0.8 radius 


.031 radius 


U 
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Package Drawings 



52'Pin Plastic QFP (IS-mm leads) 



Item 


Millimeters 


Inches 


A 


17.6 ±0.4 


.693 ±.016 


B 


14.0 ±0.2 


.551 


+ .009 
-.008 


C 


14.0 ±0.2 


.551 


+ .009 
-.008 


D 


17.6 ±0.4 


.693 ±.016 


F 


1.0 


.039 




G 


1.0 


.039 




H 


0.40 ±0.10 


.016 


+ .004 
-.005 


1 


0.20 


.008 




J 


1.0 (TP) 


.039 


(TP) 


K 


1.8 ±0.2 


.071 


+ .008 
-.009 


L 


0.8 ±0,2 


.031 


+ .009 
-.008 


M 


-^^-Vol 


.006 


+ .004 
-.003 


N 


0.15 


.006 




P 


2.7 


.106 




Q 


0.1 ±0.1 


.004 ±.004 


R 


0.1 ±0.1 


.004 ±.004 


S 


3.0 max 


.119 


max 
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Enlarged detail of lead end 
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Package Drawings 



HEC 



52-Pin Plastic QFP (3.S-mm leads) 



Item 


Millimeters 


Inches 


A 


21.0 ±0.4 


.827 ±.016 


B 


14.0 ±0.2 


■^^ -.008 


C 


14.0 ±0.2 


•^1 -.008 


D 


21.0 ±0.4 


.827 ±.016 


F 


1.0 


.039 


G 


1.0 


.039 


H 


0.40 ±0.10 


■oie!;So1 


1 


0.20 


.008 


J 


1.0 (TP) 


.039 (TP) 


K 


3.5 ±0.2 


iqa + 00® 
•^^^-.009 


L 


2.2 ± 0.2 


•087 _. 008 


M 


°-^^-0.05 


nnfi + -004 
•006 _. 003 


N 


0.15 


.006 


P 


5 ft + 0.2 


109+ -009 
•^02 -.004 


Q 


0.1 ±0.1 


.004 ±.004 
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NEC 



Package Drawings 



64'Pin Shrink CERDIP (w/aso-mil window) 



Item 


Millimeters 


Inches 


A 


58.68 max 


2.310 max 


B 


1.78 max 


.070 max 


C 


1.778 (TP) 


.070 (TP) 


D 


0.46 ±0.05 


.018 ±.002 


F 


0.8 min 


.031 min 


G 


3.5 ±0.3 


.138 ±.012 


H 


1.0 min 


.039 min 


1 


3.0 


.118 


J 


5.08 max 


.200 max 


K* 


19.05 (TP) 


.750 (TP) 


L 


18.8 


.740 


M 


0.25 ±0.05 


•"^"^.-SSa 


N 


0.25 


.010 


S 


8.89 dia 


.350 dia 



• Item K to center of leads 
when formed parallel. 
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Package Drawings 



NEC 



64'Pin Shrink CERDIP (w/aoo-mll window) 
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Item 


Millimeters 


Inches 


A 


58.68 max 


2.310 max 


B 


1.78 max 


.070 max 


C 


1.778 (TP) 


.070 (TP) 


D 


0.46 ±0.05 


.018 ±.002 


F 


0.8 min 


.031 min 


G 


3.5 ±0.3 


.138 ±.012 


H 


1.0 min 


.039 min 


1 


3.0 


.118 


J 


5.08 max 


.200 max 


K* 


19.05 (TP) 


.750 (TP^ 


L 


18.8 


.740 


M 


0.25 ±0.05 


"lo^.-Sol 


N 


0.25 


.010 


S 


7.62 dia 


.300 dia 



' Item K to center of leads 
when formed parallel. 
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NEC 



Package Drawings 



64-Pin Plastic Stirinlc DIP 
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Item 


Millimeters 


Inches 


A 


58.68 max 


2.310 max 


B 


19.05 (TP) 


.750 (TP) 


C 


17.0 


.669 


D 


5.08 max 


.200 max 


E 


4.31 max 


,170 max 


F 


3.210.3 


.126 ±.012 


G 


1 .78 max 


.070 max 


H 


1.778 (TP) 


.070 (TP) 


1 


0.9 min 


.035 min 


J 


0.51 min 


.020 min 


K 


0.50 ±0.10 


.020 ±.004 


L 


°-25-0.05 


:''io::§S^ 


M 


0.17 


.007 
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Package Drawings 



NEC 



64-Pin Ceramic LCC (w/window) 



Item 


Millimeters 


Inches 


A 


20.0 ±0.4 


.787 ±.016 


B 


19.0 


.748 


C 


13.2 


.520 


D 


14.0 ±0.4 


.550 ±.016 


E 


1.64 


.065 


F 


2.14 


.084 


G 


3.556 max 


.140 max 


H 


0.70 ±0.10 


.028 ± .004 


1 


0.1 


.004 


J 


1.0 (TP) 


.039 (TP) 


K 


1.0 ±0.2 


.039 ±.008 


Q 


0.25 cor 


.010 cor 


R 


1.0 


.039 


S 


1.0 


.039 


T 


3.0 rad 


.118 rad 


U 


12.0 


.472 


W 


0.8 ±0.2 


.031 ±.008 
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HEC 



Package Drawings 



64'Pin Ceramic Piggyback Siirinic DIP 



Item 


Millimeters 


Inches 


A 


58.68 max 


2.310 max 


C 


22.86 ±0.4 


.900 ±.016 


F 


2.54 


.100 


G 


0.80 min 


.031 min 


H 


0.46 ±0.05 


.018 ±.002 


1 


0.17 


.007 


J 


1.778 (TP) 


.070 (TP) 


M 


1.78 max 


.070 max 


N 


0.25 ±0.05 


■--;So°i 


Q 


15.24 


.600 


S 


8.28 max 


.326 max 


T 


1.0 min 


.039 min 


U 


3.5 ±0.3 


.138 ±.012 


V 


3.9 max 


.154 max 


w 


19.05 


.750 
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Package Drawings 



SEC 



64-Pin Ceramic Piggybacic QUiP 



Item 


Millimeters 


Inches 


A 


41.91 max 


1.650 max 


C 


26.67 ±0.4 


1.050 ±.016 


F 


2.54 


.100 


G 


0.92 min 


.036 min 


H 


0.46 ±0.05 


.018 ±.002 


1 


0.25 


.010 


J 


2.54 (TP) 


.100 (TP) 


K 


1.27 (TP) 


.050 (TP) 


M 


1.27 max 


.050 max 


N 


0.25 ±0.05 


■"^"-■Z 


Q 


15.24 


.600 


S 


8.54 max 


.336 max 


T 


1.0 min 


.039 min 


U 


3.5 ±0.3 


.138 ±.012 


V 


4.41 max 


.174 max 


w 


24.13 


.950 


X 


19.05 


.750 


l< 


L^ 
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HEC 



Package Drawings 



64'Pin Ceramic Piggyback QFP 



Item 


Millimeters 


Inches 


A 


24.7 ± 0.5 


.972 


+ .021 
-.020 


B 


20.3 


.799 




C 


16.3 


.642 




D 


18.7 ±0.5 


.736 ± .020 


E 


1.27 (TP) 


.050 


(TP) 


F 


2.15 


.085 




G 


1.15 


.045 




H 


.40 ±0.10 


.016 


+ .004 
-.005 


I 


0.20 


.008 




J 


1.0 (TP) 


.039 


(TP) 


K 


1.2 ±0.2 


.047 


+ .009 
-.008 


L 


2.2 ±0.2 


.087 


+ .008 
-.009 


M 


0.15 


.006 




N 


0.15 ±0.05 


.006 


+ .002 
-.003 


s 


9.5 max 


.374 


max 


T 


3.0 max 


.118 


max 


U 


2.2 ±0.2 


.087 


+ .008 
-.009 


V 


3.2 ±0.2 


.126 ±.008 
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Package Drawings 



HEC 



64-Pin Plastic CU=P (2,55 mm ttiicIO 



Item 


Millimeters 


Inches 


A 


17.6 ±0.4 


.693 ±.016 


B 


14.0 ±0.2 


nci + -009 
•5^^ -.008 


C 


14.0 ±0.2 


551 + -OO^ 
•^^^ -.008 


D 


17.6 ±0.4 


.693 ±.016 


F 


1.0 


.039 


G 


1.0 


.039 


H 


0.35 ±0.10 


•°^'^-.005 


1 


0.15 


.006 


J 


0.8 (TP) 


.031 (TP) 


K 


1.8 ±0.2 


.071 ±.008 


L 


0.8 ±0.2 


•-IS 


M 


o-is:S:^g 


•oos!-^ 


N 


0.15 


.006 


P 


2.55 


.100 


Q 


0.1 ±0.1 


.004 ± .004 


R 


0.1 ±0.1 


.004 ±.004 


S 


2.85 max 


.112 max 
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Enlarged detail of lead end 
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NEC 



Package Drawings 



e4'Pm Plastic QFP (1,5 mm thick) 



Item 


Millimeters 


Inches 


A 


18.4 ±0.4 


724 +.017 
•^^'^-.016 


B 


14.0 ±0.2 


551 +-°°9 
•^^^ -.008 


C 


14.0 ±0.2 


•55^ -.008 


D 


18.4 ±0.4 


724 +-017 
■^^^ -.016 


F 


1.0 


.039 


G 


1.0 


.039 


H 


0.35 ±0.10 


•°^^-.005 


1 


0.15 


.006 


J 


0.8 (TP) 


.031 (TP) 


K 


2.2 ±0.2 


•°^^ - .009 


L 


1.0 ±0.2 


•°3^-.008 
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64-Pin Plastic QFP (2,7 mm ttiicic) 
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Package Drawings 



64'Pm Plastic QFP (2.05 mm thicIO 
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Package Drawings 
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64'Pm Ceramic QUIP (wMindow) 
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Package Drawings 
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Package Drawings 
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68'PinPLCC 
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Package Drawings 
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Package Drawings 
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80-Pin Ceramic LCC (w/window) 
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Package Drawings 



80-Pin Plastic QFP (20 by 14 mm; I^S-mm ieads) 
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Package Drawings 
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80-Pin Plastic QFP (20 by 14 mm; 2.35'mm ieads) 
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94'Pln Ceramic LCC (w/wlndow) 
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Package Drawings 



94'Pin Plastic CFP 
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